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PREFACE 



While this book is more especially intended for an etecncntaty text- 

. ,k, it is believeil that it will be interesting to all readers who have a. 
■■-: for science and that it will prove a useful manual for apprentices 
' 1 artisans. Every effort has been exerted to make it clear, forcefiil, 
.: , of Strict scientific accuracy, though it is written in reasonably collo- 
..iil language. 

Ihe book is essentially the outcome of the authors' belief that ele- 

...riiaiy phj-sical science may properly be — nay, should only be — 

■.,^ht in an atmosphere fitleii with the inspiration gathered from an 

'erest in every-day occurrences. (Physics is a science of our daily 

■1 ind experiences.) If this is a very ordinary belief, it surely is one ' 

. ]ch honored in the breach. 

^ The masters of the theory and of the practice of teaching, from the 

^■bteenlh century to the present, have held that all intellectual acquire- 

HHbit must come to us through the senses, and that we can reason upon 

"flw abstract only by reaching out from the concrete which is already 

■liped. Moreover, elementary instruction shoalcl be inrjle -nteresfing 

■ the pupils, and the malier should be presented in an order and in a 

jner which will result in the readiest and most corapietc assiriiilation. 

e principles of good teaching point to an overihrow of the tradi- 

1 academic order and abstract presentation in r^iepn-niary inslnic- 

I in physical science and the substitution therefor of a rational 

intatlon of applied science. The rational order of instruction here 

; which follows very nearly in the same sequence as the order 

sveries and industrial applications. Industrial development is 

By along the line of march from the simple to the cora^^^X, aiA 

»tb mast, in Che main, be followed to Stimulate the mosX etttCcwc 

e pupil 
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The writers have herein attempted to treat a division of physical 
science in the manner suggested. The order of the book is from the 
simple to the complex, and the pages keep in reasonably close touch 
with the more or less common experiences of the pupils for whom the 
book is intended, or with the knowledge which comes by leasoning 
^ directly from those experiences. 

The treatment has been planned with the purpose of introducing, at 

L desirable places iii the regular text, elementary explanations of certain 

I scientitic principles which are not a part of the immediate subject of the 

libook; which cannot be assumed to be already a part of the j 

bowledge ; but which must be understood by the pupil before li 

toperly grasp the subject-matter in hand. The plan pursued is unusual, 

t it pla'tes the sLitement uf ihcsf principles at the points of their appli- 

^tion instead of in the introductory part of the book ; bnt it is believed 

(o be a proper plan for an elementary book, since it encourages the 

pupil to base all of his reasoning directly upon foundation knowledge. 

Extended use of analogies has been made throughout the book, but 
especially in its earlier part. Definitions of important units are often 
left, in the earlier part of the book, lo be inferred from them ; but in all 
such cases the exact definitions are found on later pages. This accords 
with the usual order of acquiring a knowledge of physical units by chil- 
dren, and should add vigor and zest lo the pupil's pursuit of intellectual 
acquirement. It is the constant desire of the writers to interest the 
pupil, and to stimulate hira to an active inquiry into the principles and I 
'^a^tsiwfiic^.iindevlit i^^Ical phenomena, and to bring him to a reason- 
•afcfy"vi«id physicfl cohception of the characteristics of the phenomena. ■ 
It 1s-,des^^bl< fliaj suitable laboratory practice shall accompany the. , 
lose o'f 'thfe''bqQk".in "tfie schools. This may consist of experimental i 
t examirnf ig'ns ^f Hectric and magnetic plienomena and the performance 
■■of the simpler' electrical measurements. The laboratory instruction 
Aould be designed to aid the pupil in gaining a livelier conception 
jOf the phenomena treated in the book. Small wooden or metal models 
f essential machine parts and instruments not used in the laboratory 
lay add an element of life and interest to class-room instruction, as 
!*)) as conduce lo clearer conception s on the part of the pupils. When 
; time for dass-root^^^^^^^^^ limited, well-informed teacheis 
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may readfly select the portions of the book that are most suitable for 
dieir purpose. 

The proof of the book was twice read by Principal G. W. Krall, of 
the St. Louis (Missouri) Manual Training School, and Superintendent 
F. A. Lowelly of the Rhinelander (Wisconsin) Schools ; and a part of it 
w^s read by Assistant Professor Fred A. Fish, of the Ohio State Uni- 
versity. The authors are in their debt for numerous suggestions which 
have added to the clearness and accuracy of the treatment. Professor 
A. C. Scott, of the Rhode Island College of Agriculture and Mechanic 
Arts (Honorary Fellow in Electrical Engineering at the University of 
Wisconsin), lent efficient aid while the book was passing through the 
press, and also made the photographs from which various illustrations 
were produced. So much care has been given to the preparation of the 
manuscript and the reading of the proofs that it may be justly hoped 
that any remaihing imperfections are of only minor character. The 
imters will be grateful to teachers and others for notice of inaccuracies 
or obscure passages which may be discovered. 
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iLECTRICITY.AND. MAGNETISM 



THE NATVRE. AND PROPERTIES OP ^^IfiOTRICITY 

city. — ^'i7i*'.wact nature of th/ .el^dlricily which makes 

id«ct in so inany.)Va\'& has never be'en'^ttermined. Many siir- 

itlieoriei have J)^eii..Juiyanc«il^'bBtr'flofie.riave yet been able to 

ind the test of cIo'sk bi^pimationi B>K by experinienlal evidence 

b has been gathered for'decadpsj .we'h'ave been able to determine 

k of the laws which govern the action of electricity, though we do 

WW its constitution, very much as we have learned the laws of 

ttlioD, though we do not know what " gravity " really is. 

mology and use of the word "electricity" have developed 
n parallel with the experimental growth of the science which bears its 
moe. Springing from the Latin name for amber, electrieus or eUe- 
^»»t, ihe adjective Electrical comes immediately from the word "elcc- 
^.," which was used ina book published in 1600 by Dr. Gilbert (the great 
-:^ti« of Queen Eliiabeth's reign), to designate the attraction for hght 
■*-iiei like chaff and bits of paper which amber and similar substances 
I when briskly nibbed. The original discovery of this electrical 
r proptrty of the amber) is often attributed to a Greek 
r (one of the " seven wise men " of Greece) named Thales, 
i about 600 years before the Christian era, and the meagre 
tt of whose philosophy are thought by some to contain the earliest 
its observation that have come down to us. It is probable, 
, that a knowledge of this peculiar property of amber, and 
f other bodies, was one of the well-guarded secrets of the 
J of that Say. 
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From the word " electric " also comes the word Electridty. Since tl 
lay Dr, Gilbert firat applied the word " electric " to a particular 
nomenon, our knowledge of all the sciences has widened, and with the] 
widening has come an equal, a;]vaiii;e_ in the knowledge which wj 
represented to the ancif nts -J)J' that one "peculiar property of 
' and similar bodies, 3T».Vrri"electrili»f '-iSj.therefore, not n 
Implied to only one sinftlj.'.&ranch' of a greabjorencc. but covers a vast 
Ifield of facls which are supposed to be basei-bn the same underlyi 
l' causes. 

2, The Nature; of .Jlpctricity. — The action of efectricily led mi 

K experimenters who liy^d long after Gilbert tp'ijic belief thai it 

fefluid which was no't perceptible to their sense 8..,"_Ouf own great phil( 

■pher and statesmafi^ Qe'pjamm Franklin, assiiWie^ it to be a fluid, and 

■bodies which exhibite_d'i;)^n;fcal. manifesiatiDpS'-wcre thought by him| 

) contain either more'or.fess £han a noijirfll amount of the fluid. A 

IFrenchman named Dufay W(l'_an ^Englishman named Symmer con- 

vdered electricity to be composed of two fluids which were contained 

D neutral bodies in equal amounts. When by any means this equally 

5 disturbed in a body, electrical manifestations occurred. 

These theories, and a large number similar to them that were pro-J 

bidgated, are now discarded in the light of later scientific knowledge., 

hit ihe conception of the fluid theory is very useful iu giving a clean 

Jerstanding of some of the phenomena of electricity. It is nowj 

merally accepted that the phenomena to which we give the name; 

icily result from a state of strain or other manifestation in the" 

The ether is a kind of flm'd medium that is supposed by scien-' 

I to be present everywhere. It must even be supposed to pass! 

h or be contained in solid bodies, as though they were ether sieves,' 

k*lU IS in empty space. Heat and light are supposed to be carried] 

rilfiotn one body lo another, as from the sun to the earth, by means 

ofvibrauons or waves, much as the energy exerted by a pebble thrown 

ago a pond is carried to the shores by the waves of the water. In like 

jg^aa electricity is supposei! to be waves in the ether or a strain 

iHKBBdon it. The question of what the ether may really be need not: 

^isNdeted ind^^^tfa the fundamental laws governing the action 
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I Sutic And Current Electricity. — We will not at this time further 
■e of electricity, but will pass on lo a consideration of 
ppenies. Tlie study of these properties may be suitably divided 
— the first, in which Static Electricity, or electricity at 
k consideted ; and the jocfyid' In' wljieii Current Electricity, or 
1 roution, is CQnsade'ie^^- Tht»i-1j op- well-delined division 
n these, and the J&»''!i.3^oVpHimg>thc''rv<]*c;las;es are practically 
*t»nc. ."':■;•'•' '■'.'':" ". 

^ general, however, the iirst class includes the phenomena known 
hf ihe ancients, wheM elecfricily is produced by -njbbing or by the in- 
fcocc of one Electrified- jpody on anotherTJ The!s«sJft3 class includes 
dty produced by \6e Electric batteries and/d^iajthros which are so 
3-day. 'fji»flrej- class is of comp^rtiti'tUy imall imporianc* 
D receive only siicti. AttCntioi] in thf ^SjJJftj.flart of this book a 
~ ~ n account ot'-ite. bearing on iJieVei^nd' class. 
BPHttire ftBd Negative Electricity. V-It. ^ rod of sealing-n 
■ resinous subiiance'is ftfbbed with a dry wool clot 
diately gains the property of attracting to itself ligl 
1. wch as ])ith or bits of paper. After the bits of pith have 
i» fonlact with the rubbed body for a short lime, they usually tly o 
•> if repelled, and they also seem to repel each other. The rubbeff 
ii then in the condition produced by the rubbing may be found by 
■ -,ti examinaliun to be covered with an apparent layer of electricity, 
^uiiii called a Charge, and the body is said to be Charged with elec- 
The pith balls which touch ihe rubbed body become covered 
■ tiiafllr layer, and are also said to be charged. 

i rod is rubbed with silk, it will show properties like those 

s substances. But, if the glass rod is brought close to 

1 bolls which have been in contact with and were repelled by 

1 rod, it will strongly attract them ; and in the same way the 

a rod attracts pith balls which have been charged by contact with 




e experiments seem to prove the existence of two kinds of elec- 
i are called vitreous or Poaitive electricity, and resinous or 
tiicity, depending on whether they are produced by rubbing 
;^ or resinous materials with wool. The action of the pith 
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balls also shows thaiWca'/M charged with one kind of e/eetna'ty rtfid 
thoit charged with the same kind, but attract those charged with the pppo-' 
site kin>t\ Charged bodies are also said to be Excited or Electrified. 

Other similar manlfestatioos of electricity may be easily produced. 
For insunce, if a wfcll-driixfs'beet of paper is laid on a table and briskly 
rubbed with a nibber-eral^^'or a coat^ifeeVT, it will seem to stick to me 
table ; and when ji «s|^a*ly raistd by op^'coVner, small sparks may be 
seen to pass between\f*jnd the table, il'tiie'TlJ6[ii is dark. 

On dry days k is sorflctimes possible for- a person to gather a charge 
on his body by shuffling his feet across the carpet. This charge maj 
be sufficient to^A^tiuce a spark if the finger-i^-pre^'ented to a gas (ixtiin 
or to another peftjji* ', _ ■'■'.. 

Again, if a ch'arg^il'btidy is held neartD.-t^e ^ace, a peculiar, tickling 
sensation may be'^ltt^^tco^int of ,thcr aUTa^itton of the small hairs oo 
the cheeks by the cliai^'t'/ ; ■*"-'•. -■', ■ 

$■ Poiitire Charges do^elop Equal II<ii;at[Te Charges, and vice versa. — 
If the wool used lo develop "ahtgailve charge on ihe sealiiig-wax by rub- 
bing is now tested by bringing a charged pith ball near to il, it also ia 
r found to be charged, — this charge being positive. In the same waj 
[ tiie silk which was used in rubbing the glass may be found to be negft 
f tivcly charged, the charge on the glass having been positive. 

These observations are in accordance with an important fact which bai 
I been experi menially proved ^Jhat whennier a charge of one kind ii 
b ■deveUped, an eijua! charge of the opposite kind is also developeaX 

'. The Character of the Chaise on Rabber and Rubbed. — When XM 

I dry bodies of ilifTLTciit materials which do not have the power of con 

I ducting declriciiy arc rubbed together, they always become cbaig» 

with opposite kinds of electricity. If one of these bodies is then rubbo 

k with a third matL-rial, its charge may be changed. The kind of cbaig 

which appears on Ihe body of one material when rubbed with anothfq 

material dei)en(ls altogether on the nature of the two tnaterials that an 

nibbed together. For instance, as we have seen, when glass is rubbetj 

with silk the gl.iss Ijecomes positively charged, and the silk negative^ 

charged. If a slick of sulphur is rubbed with silk, the order is reverse)! 

and the silk becomes positively charged, while the sulphur is negat^^ 
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Following out an investigation of ibis Tjfn3,'it' jS ptKsiblc to arrange a 
table of maierials in which they aftkl>J^,c<3 in siflsli^n order that when 
tnj Un materials named in the t.^JM^.-aiif -rnbbec^ t'o^ffliec) jhe one that 
,::jiii earliest in the table wUl or^rfarily become posit fveij-ctarged and 
"■ o4« nrgatively chaigetf. The following table is so arrai^ed. Its 
^rctlness may be easily tested by expeiiments. 



Fur. ■ .::. ■ 


7- 


Wood. ; ;: , • 


^vooi, '-■■-;;- 


-•. *■ 


Metals. /v.'lvV 


inne Resinous Siibstancea '•'.•' 


'■■' .'9; 


Sulphur, ■>/'-.* '.' 


Glisi 


■ /.-"*■ 


b'thw K.«fii6.^» Substances.- 


Cotion. 


' ■ .'ri. 


India: nibjief. 


Hlk. 


li, 


■ Giftfa-percha. i 



Tne reason for this difference in materials is not known, and, in fi 

■ ;f.i differences in the constitution or the surface of the materiais t 
-::< ^ii.-ra to change their relative positions, so that similar tables given 

■ irious books do not all agree. 

' CoDdDctors and Insulators. — If a piece of metal is held in the 
wJaad rubbed, no apparent charge can be discovered on it. This is 
■ause the metal has the power of readily conducting electricity, as it 
i- iilcwise the power of conducting heat, and the electricity therefore 

■ fli>*3 away into the body of the operator, or through his body into 
■ einh. The same thing is true of any of the substances named in the 

■ il thry are dampened with water, because water has the power, lo 

'. L'ree, of conducting electricity. Consequently, experiments 

I'-ctriciiy cannot be readily made on a damp day or when 

K arc damp. 

L the metal is fastened in a handle of dry wood or hard rubber and 

Bmbbcd, it will then become charged. This is because the wood or 

mbber does not have the power of conducting the electricity to an 

I mhich b in this case appreciable, and the charge of electricity, 

!, cannot escape, but remains on the meial. 

Iiwhtch readily conduct electricity are called Conductors, and 

1 either do not conduct it at all or only conduct it in a very 

%iitgttt arc called Von -conductors or loaulators. Other materials 
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which iiave the c<TnBiQ:ting pQwef m an intermediate degree are often 
called Partial C^duM^B. :*"V'",">' • 

The fullii^in^aaliW 'gives a'lfst'w.jp^leriala placed approximateljr in 
' 8 order pf tKfif. conducting powus r'— \ 



I Metali. 

; Charg3j\L«lid Graphite. 

, Acida: //.'.: 

, Salty SotpJiiuS. 

, Plant). aQcl-?U!iuAiJs.. 

, Pure Wat'e^.'.•*.•■^^. ■' '. * ' 



7. Various- Oils. 

8. Di^i-Wcfbd. 
g. 3iHi:.^ ; 

10. • IflSi^Fubber. 

'.-tX'. Sh^Iac. 



13. Vulcanite. 

14. ParaRine. 

15. Porcelain. 

1 6. Glass. 

17. Dry Air. 



I We ordinarily rftlfjerthe tcrnj 'f conductor " to the metals. The mater^ 

'a the mblc numbered from two to six may be called "partial con-' 

Cton," and the last eleven materiab may be called " insulators." Of aD j 

B materials named, dry air may be said lo be the only one which has 

wlutely no conducting power under ordinary conditions, though that 

M, porcelain, etc., is exceedingly small at ordinary temperatures. 

e cause of the dilTerence in the conducting powers of the various 

lis is not known, and will probably not be known until the exact 

iit'oii of electricity is determined. When science succeeds in 

railing that mystery, we will probably also learn the exact nature of 

t, and the cause of the attraction of gravitation, together with iJie ■ 

ini for many other highly important laws the explanations of which 

V held among the profound secrets of nature. 

s ()f the great conducting power, or Conductivity, of metals, 

diy may be conveyed from place to place. If, for instance, two 

f tnetal connected by a wire are mounted on insulators, and if 

a to one, a part of the electricity will flow along the wire to 

I block and will electrify it. A conductor which is supported 

I in such a way that electricity cannot escape from it is said 

I Charges- — A body may also be charged or electrified tqri 

it of a charged body. Thus, suppose a brass ball is ' 

charged, and that it is brought near an uncharged but 

The second ball will now be found to be charged, 

II by biiumua charged pith ball aar to it. A charge which 
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in'tloped in lliis manner by the influence of a charged body o 
.'■■ami or uncharged one, is said to be developed by Induction. 

i ' the brass bail on which the charge is thus Induced is carefully ex. 
ri:-, iis two sides will be found to hold opposite kinds of electriciqf J 
■■'g. i). The side of the second ball which is 
'jv from the drU bail will hold the same kind 
' clcccridty as the latter, and the side which is 
'fir ihe first ball will hold the opposite kind. 
11:5 IS in accordance with ihe law of attraction 
id repuUion between the different kinds of 
■i:mcity given in Article 4. For example, if 
"■ first ball {A in Fig. 1 ) is positively charged, 

■ iide of the second ball (S in Fig. i) which 

Jiwy from the first will also be positively 



' jirsed, but the 



but 



r side \ 




o 



will be negatively 
ugcd. JThis is the condition shown in the 
-':it, where the plus or positive sign, +, rep- 
mts a positive charge, and the minus or neg- 
''"•- sign, — , represents a negative chargej 
^nw, if the second ball is touched by one's 
i;t for an mstant when it is very close to the 
■■'!, the positive charge will immediately flov 
iiyinto the operator's body on account of fig. 1 
"■ repulsion between the positive charge on uosiaiio induction, 
^-ccond ball and that which is on the first Twobrassbaiis./fandfl.H 
The negative charge on the second ball ^g^^ ^ 

temajn on account of the attraction be- 
•■n it and (he charge on the first ball. If the second ball is now 
■ lived from the influence of the first ball, it will remain negatively 
^^cd, the charge spreading all over it. And if the two balls are now 
i^lu into contact wnth each other, the two charges will combine and 
lii,!h tiaJls will become Neatral, that is, without any charge.,.. • 

TTie experiment described in the last paragraph shows that ^ach induced 
eiargr it tquiU in quantity to the charge which induces i/^j This fact is 
wicily title, but in many cases the induced charge is divided among 
leveral objects which are near a charged body, so that it may be difficult 
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to get complete neutralization in the manner explained. The induce^ 
charges arc to be found wholly on one body only when it completely s 
rounds the charged one ; but when a body U very much ntArer U 
charged one than any other bodies, it will receive practically the v 
charge. 

The object in using brass balls In such experiments is simply to obi 
convenient and inexpensive conductors. Any other materials will { 
niniilar results, but in the case of poorly conducting bodies ti 
difficult lo iicrceive the results on account of the difficulty which s 
bodies ptMeni to the distribution of electricity under the . 
of induction. 

QUESTIONS 

I, Ilnvr much a kiinwn about the real constitulion of electricity? 

». What l> DiBDrij-inof the word "electricity"? 

|. What ii electricity luppiAeil to be by some tcicatitti? 

^. li lliPti' any diHerencc Iwtween cuttcnt and static electricity? 

What two luanifciUtion* of electricity arc produced when material* are 

<< Ifow rin lh« |>mcnce of a charge of electricity be shown? 
.' i'-W » iiliarRc nlonft kind o( electricity ciiM >lone? 
*< What clTrft have unlike chargci of electricity upon each ather? 
, llrt Itkr < haigei reiwl oi atti*i:l? 
I.- ir « )iii>hlve charge !■ developed by rubbing, how Urge, relatively, will (he 
'iii)>*nyiii|| iirgatlv* cliariie t>e? 

I |( iilau U riililieil, will it alway* t*ke • poaitiire charge, regardless of the 
. ,i,|,>ril>* ruhiitt} 

tr ■■.^•■^ fii'inh* t* lulibvd by fur, which will tike > positive cbaige? 

. . < AUliuiis iitiMl b« taken in handling metaU in order that they may be 
*l 



.1 rivililckl t.'ndactlTJiyF 

dio'lnn. 

iiiKtlalt that art gCK»l lntu1at«n. 
■'i>iiv«v»>l lYiun one pUre to another? 
laigot roiiiltitlut licve upon an ■ncliargetl conductor 
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9 Htm ctn an indnced charge be kept on a body when it it remored from the 
■fUiofbood of the body that indaced the charge? 

^' How will the quantity of an induced charge compare with the quantity of 
tbe dnfe on the inducing body? 
^ What kind of electricity will a potitiTcly charged ball induce? 
j& If an uncharged ball is held near a negatively charged one, what kind of elec- 
tndtf win be erident on the part of the fint ball most distant from the charged ball? 
^. If a charged body is held in the middle of an otherwise vacant room, where 
viD the indaced charges be found? 
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ADDITIONAL CHARACTERISTICS OF ELECTRIC CHARGES 



9. ElectrosGOpea. — The means of detecting a charge thus far nu^l 
tioned have been through the attraction or repulsion of charged pithj 
balls or other hght objects. Various other means may be used, all of | 
which are dependent upon electrical attractions and repulsions for their 1 
indications. 

Devices or instruments for determining the presence of an electric ; 
charge are called ElectroBCOpee. The simplest one consists of a pithu 
ball (preferably gilded) or other iight materia^ 
attached to a silk insulating suspending cchxL 
A more sensitive one is made by attaching two 
narrow strips of ordinary gold leaf, such as can 
be obtained from any dentist, to the end of i 
brass rod, and hanging the leaves in a glan 
bottle to insulate them and protect them from 
injury (Fig. a).' If a chafed body is brought 
near the top of the rod which is connected to ' 
the gold leaves, the rod and leaves are elec- 
trified by induction:' If the charged body is a 
rubbed glass rod which is positively chafed, u . 
in Figure 3, a negative charge will appear at the> 
top of the conductor and a positive one in the ■- 
gold leaves.' In this case, since the two learei 
have charges of the same kind, they will repd 
each other and separate, as is illustrated in the figure. The gold leavM ^ 
are so sensitive that they are likely to be torn by the force of theit 
repulsion if a heavily charged body is brought too close. 

' Compare the cue o{ thebraubslh^^enm j>nic\e%. 




Fig. a, — Gold-leaf Electro. 
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t while the glass rod is sliU held near the electroscope, the brass rod 
I electroscope is touched by the hand, the positive charge in the 

■ will 3t once flow off into the operator's body on account of the 
n of the charge on the glass (as was explained in the description' 

e expeiimeDt of the brass balls given 

it), and the leaves will drop togellier. 

IV if the glass rod is taken away, the 

lire charge which was retained by the 

EUoa of the chaige on the rixi will 

1 all over the electroscope rod and 

aves, and the leaves will again sep- 

It can be easily proved that the 

]e on the gold leaves is now negative 

the positively charged glass 

if the top of the electroscope, when 

: charge will be attracted out 

t leaves and they will fall together. 

la tiegaiively charged rod of sealing- 

■ brought near the top of the eiectro- 
btbc DCgatire charge in the instrument 

tt be repelled into the leaves and they "^' l\^^g°^y [,'j, inducrion."^'''* 
rate farther. With this simple de- 
''■f it is possible to detect a very small charge of electricity and deter- 
'"ine its iaga. 

The electroscope may of course be directly charged by contact with 
' '^itged body, but the leaves are likely to be torn by the violence of 
'■'Ciction, unless the charge is quite small. 

10. Beason for Attraction between Charged and Light Bodies. — We 
■■■now in position to see the reason for the attraction which rubbed 
■■■'-'«, nibbed glass, and other charged bodies have for light objects. 
■■''■''i; electric induction acts between any charged body and any other 
Wj which is reasonably near, the effect of the charged body on a light 
"!>)« (i first to charge it by induction. Tiie positive and negative 
ffurges induced on the light object are equal in quantity. One of them 
> 'itracted and the other is repelled by the original charge, 
' nifi is attracted is nearer the original charge, so that the 
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attraction is greater than the force of repulsioD. The condition S 

Hated in Figure i, which is here repeated. A positive charge is s 
a on the large ball. I'his induces the ne 
and positive charges i and ^ on the snia 
Snce ^ is considerably nearer a than is 
attraction between a and d is materially g 
than the repulsion between a and c. The 
ball is therefore attracted toward the largi 
If ihe balls come in contact, the small b 
ceives a part of the positive charge bclc 
to the large one, and they at once sepan 
account of the repulsion between the twc 
live charges. 

The attraction or repulsion between a cf 
body and one which it charges by indu 
or between two independently charged 
always exists, though the pull or push a 
' by the charges usually is sufficient to mO' 
bodies only when they are very light. 
11, Force of Attraction or Repulalon. - 
. intensity of the attraction or repulsion e; 
between any two charged bodies depends 
■ the product of the quantities of electricity ii 
' charges, iheir distance apart, and the m 
which is between them. If they are surro 
by air, the push or pull which is exerted between the two bodie^^ 
directly with the prBducl of the quantities of electricity which Mg 
and decreases directly ivith the si/uare of the distance between them 
vided the boriies are small compared with that distance. If tti 
charged bodies arc immersed in a liquid, such as water or oil, 
separated by solids, ihe same law holds true, but the force exeru 
tween them is decreased. The amount of the decrease depend] 
Ihe nature of the separating material, and is apparently due to a dil 
met by the attractive fiarce in making its way through the material 
12. The Coulomb. —The unit quantity of electricity is ca 
Coulomb, al^er a French experimenter who lived about the b 
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the cxneieeDtb century. As a rough analogy with the measurement of 
waa or gas, we may say thai a coulomb of electricity is the equivalent 
c* i ganpn of water or a cubic fool of gas. 

Tbe teason that the force exerted between two charged bodies de- 

(Kaiis upon the product of the two quantities of electricity, is that each 

of electricity on one body attracts or repels every coulomb on 

body with a fixed intensity, and therefore the total force of 

or repulsion depends on the number of coulombs on one 

'jBoltipUed by the number on the other body. 

tntCDsity in pounds of the push or pull exerted between two 
bodies in air, which has been described in italics in Article 
represented algebraically by the expression 



i ^ are understood to represent the number of coulombs 

e charges of eleclricily, and d is understood to represent the 

c between the bodies measured in centimeters. The expression 

8 for one trillion which must be multiplied into the product 

S a metric measure of length which is equal to about .39 

\mpk. — Two similarly charged small bodies are at a distance 
Bof 6 centimeters. One carries a charge of 6 ten-millionths of a 
>, utd the other carries a chaise of 9 ten- miUionths of a coulomb. 
I the intensity of the repulsion "exerted between them? Am. 
nimls. 

, EtectnuneterB. — Instruments for determining the quantity of 

I dettrkity which is held in charge on a body, by measuring its attraction 

I fa mothf r charged body, are called Electrometers. These instruments 

■rraluable for many purposes, and will rereive more attention in later 

I tfciptets. It is to be borne in mind that electroscopes are instruments 

b detecting a charge, and electrometers arc instruments for measuring 

4t q^iantity of electricity in a rharge. 

14 Static Electricity tends to stay on the Surface of a Conductor. — 

■- -A the peculiar properties of electricity results in a charge always 

^-*iiU ea the mt^kce of a charged conductor. We often heat tffte 
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"that cfctukilj fcww «BJf on tlie nr&cc oTm 
Ttus b entntlr aooe. Wktm dettntitj jbwr «r «AVf it mff> 
fatut tkr»mg^ At tmittamtt «f At eamJmtltr. Is die case of elt> 
M retf, iKxrerer. the cooditiaa i> didefcst. Wiem etutriatf u «J 
wivr rtmaiiu in the suiuamtt «f a h*^, bmt ttmyt tiru-ilf fwAet, 
It ic jnpofunt thxt this diffemice, dcscobed m the last {un 
bciweca lite aclkm of eUtm^Hj i» mptifi», w furrtnt tUttriai 
eUetrititf at rat, c/- ttabe eiectrieHy, shall be remembered. 

A|{am, a &ee charge of static elcctridtjr not odIjt stajs on the i 
of a bod/, btU (/ lends to lUj an At auttide smrfact. F^nre 4 
this bjr the poshioa of the pith bills, whi 
RupcDdcd on the inside and oatside of 
low brass cytioder. The cylioder being 
charged, the outside pith balb, which 
contact irith it, at once diverge 00 acco 
a charge which they receive from the cj 
This shows that the outer surface of the c; 
is charged. The inner pith balls, which a 
in contact with the cylinder, remain e 
inert, showing that thrrt is no charge 
turface. This is true whether the 
n to the cylinder from the inside 
side, and is to be expected on account 
known repulsion of like charges or pan 
charge. The different parts of a free 
try to get as far away from each other 
aible, and therefore go to the outer surfai 
body if its conductivity is sufficient to pci 
1 yiinder ^ brass cylinder is used in this experiment 
the electricity may readily follow its tendt 
move to the outer lurfiice if it should be applied at the inner surl 
It is poMilile i« retain an induced charge on the interior 
cylinder by placing and keeping a charged ball inside of the cy 
But an equal and opposite induced charge also appears at the sair 
on the outside of the cylinder. If the charged ball is remove 
Induced charges diiappeu; and if the charged ball is permit 
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touch the inside of the cylinder, the induced charges disappear, and all 
of ihe charge on the bail at ooce goes to the outside of the cylinder. 

IS. Eleeiric Screens. — By virtue of the fact that a charge tends to 
aij 00 the outer surface of a body, it is possible to entirely screen an 
objeci from all electrostatic force by completely surrounding it with a 
conducting cage. This is done in making electrometers, when it is 
ooiublc 10 screen the working parts of the instrument from the outside 
ekaric lorces. 

QUESTIONS 

I- Wh»l h the purpo»e of the electroscope ? 

1. In in elec[rost;ope, why do the leaves separate wheo > cbuged body is brought 
MB b knob? 

}. How can the cbaiacleiora charge be determineil by means of >□ electroscope? 

4- How can an electroscope be charged by induction ? 

j. VVhy are light bodies drawn to charged bodies ? 

6- l( a light ball is drawu lo a charged body will il slick to ilf What will happen? 

;. It Ihete any alttaclion between two heavy bodies, one of which is charged ? 

& Whit effect has the siie o( two charges upon theit mutual attraction or 
tcpthion t 

^ What efiect has the distance between two charges upon their atlraclion or 

"J If two small balla. I inch apart, each having a charge of 2 millionlhs of a 

Jl™nb, aiiracl with a known force, how much harder "ill they pull if the charge 

' '■!« b intreaicd to 4 millionths of a codomb? If both iharges are increased to 4 
-■ liioBthi of a coulomb ? 

ii If the two balls of Question 10 are 2 inches apart, huw much will their altrac- 
''■' bf dccrcaaed ? If 4 inches ? 

'i If two charged balls have their charges doulileti, and ore at Ihc same time 
«I««ed to iwice the distance they were at first, will their 
" l^'on be changed ? Why not ? , 

'i- Would Ihe attraction between two charged balls be the ■ 
* bimgb air ? 

■^ Wlnl ta a coulomb ? 

'S- Why do Iwo chargei 
Mod of ihcir charges ? 

■4. What is an electrometer ? 

■T. On what part of a conductor does electricity tend to stay? 

■S. If a deep pan i« charged, where is Ihe charge to be found ? 
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r repel each other in the proportion of tb< 



[_** Why will a charge tend la 

( Row ctn an objeci be proleclet 
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le of a hollow cylinder ? 
electric induction ? 
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KLBCTKICAL POTENTIAL, ELECTRICAL MACHINES, AND 
ELECTRICAL CAPACITY 
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ence of Level or Potential. — Many of the simpler p 
■(.■ctriciiy may be illustrated by the action of fluids, but 
caTofiilly bear in mind that the comparison is merely 
ice, and that electricity is not a fluid, but is perhaps a. form of | 
I or the efTect of a vibration, in the ether,* It must also be remem- ' 
la using these cotnparisons, that we do not touch upon the true ' 
pf Blcctrit:iiy, which is not known, but on/v upon the laws of its \ 
^Itith have been experimentally delermined. Also, that while \ 
ind %"* ""*V ^^ directly perceived by our senses, electricity is I 
tly Impi'lp^hle, — that is, it cannot be directly perceived by ourj 
-ami the only way in which we may recognize it is by its! 

l»lder two vessels of water at different levels connected by a. J 
evident at once from our ordinary experience that water wiU 
Ihe veniiel of higher level to the vessel of lower level. In this 
d^,,^ ^ d tendency for the water to tlow on account of the differ- 
i« W**! whtih causes a pressure, or motive force, which is measured 
* MNnnct ol Level ar Potential between the water in the two. 
H |ti« ve»els are placed at the same level, no water will flow. 
HMy be used to illustrate the flow of electricity between 
(fWdticlora at the instant that they are connected together 
fgnltt ihe conditions mentioned on page 6. One of the 
l^|Mi»1 to hold a positive charge and the other a negative 
1^ (h>w is considered to be &om the positively chained 
charged body. Considering that the body with the 
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poBtiw charge is at a higher electrical level, or potential, than the body 
•Hi ibe negaDve charge, we may say that the flow of electricity is 
oiwdby the difference of electrical level of the charges on the bodies, 
•liirh tesdis in an Electrical Pressare or Elearomotive Force. No flow 
-I fkttncity would occur if the bodies were at equal electrical levels at 
'nt lime the wire connected them. 

17. RelatiTe Potentials. — The terms "positive charge "and "negative 
tiup" are by this view shown to be terms to indicate that one body is 
»l»bigher potential than the other, that is, thnt electricity will flow from 
CKOthc other if they are put in contact ; and wc may therefore have 




■ "ilchai^d bodies, one of which is negative to some and positive to 
''\ just as amongst several vessels of water, one may be lower in 
-i ilian some and higher in level than others. 

' 1^ earth is usually considered to be at zero electric potential or level, 
-I'h its potential varies with climatic and other conditions ; exactly 
lie average height of the seas may he considered the zero level from 
■hith tn measure the height of our water vessels. 

An illustration of what is meant by the relative potentials of bodies 
"oy he bad by reference to Figure 5, We will assume for coDven- 
"oce that the horizontal line marked OO is the zero level of the surface 
of the tea. Then the two tanks A and B will be at a positive potea- 
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tial, because they are at higher levels, while C and D will be negative, 
because they are below the zero level. The water in B may be consid- 
ered to be negative with reference to the water ia A, because it is of 
lower level, though, as we are referring them to the sea level as zero, it 
is less confusing to consider them both positive, but A of greater poten* 
tial than S. The difference of potential between any two of the bodies 
of \vater will be directly proportional to their difference of levels, in»« 
spective of whether they are positive or negarive with reference to tto 
sea level. 

When we say that an electric charge is " positive," we usually mean 
that the charge is of a potential which is higher than that of our assumed 
zero, which is the earth; and when we say that an electric charge fe 
" negative," we also usually mean that the charge is of a potential wbijn 
is lower than that of our assumed zero. Such positive and negative 
charges are always on opposite sides, respectively, of the potential of tli9 
space with which they are surrounded, and they attract each other. 
Two positive charges (and likewise two negative charges), on the otbeC 
hand, though they may diiTer from each other in relative potential^ 
always repel each other because they are on the same side of the poten,' 
tial of the space with which they are surrounded. 

All the space immediately around the earth partakes of its potential 
except where the potential is disturbed by the influence of local charges 
This space, which is affected with the earth's potential, is called the Sleo- 
trie Field of the earth, or the earth's Electric Field of Force. 

18. Friction Machines for generating Electricity. — From the pre- 
ceding articles it is evident that a simple machine may be made foi 
the generation of electricity by an arrangement for continuously ml* 
bing glass with silk or other similar material, with some device addec 
for collecting the electricity which is developed, A German named V<rt 
Guericke first built such a machine in 1 650. In this a large ball of a 
was revolved. When any person pressed his dry hands upon tl 
ball the friction generated electricity, and bis body becat" 
Later, a glass cylinder or plate and a nibber of silk 
into use. 

I In such machines, the charge upon the gtai 

' iadoction. A row of points, called a Co^, 
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Fio, 6. — Glass Olinilfr Eft 



^ftoi block, is presented to the charged surface of the glass (Fig. 6). 
i ".( positive charge on the glass causes the far side of the brass con- 
■'.tur lo become positively chajged, aad the row of pi>ints to become 

jyiiiwiy charged. The 

i^ittiwof air surround- 

■I'-i ud in contact with 

i;.c poinii become nega- 

'-■■tlj charged, and are 

'rjKlleil off to the posi- 

citl J charged glass. This 

IciiTS the brass conduc- 

iWKiih a positive charge, 

:'; the negative charge of the air particles neutralizes the positive 
rge of the glass, which is therefore ready lo be ag.iin excited as it 
■ 5 tiKrt-es around to the rubber. The action is continuous while the 

e-ii is revolved, 
By iprinkling the rubber with a conducting powder or an amalgam 

■uilt "iih mercury, the negative charge of the rubber may also be drawn 

*"W. If the positively charged brass conduclor is then connected by a i 

*« lo the rubber, a continuous flow of electricity will pass from the bragfl 

WCidiKlor to the rubber. If there is a small break in the wire the eleo*;g 

'•ioij' will jump across it in the form of a spark. 
I^e biction of a jet of wet steam passing through a wooden nozde, 

udmany other methods, may be used to generate electricity in a simi-d 

lunTby friction, 
U- lodoctioa machines ; the Electrophonie. — The qviantity of elec 

•"ioiy generated in a reasonable time by fnctional methods is corapar 

"'dy imall. and machines operating by induction arc more used. Thtti 
simplest device of this kind is called an Elec- 
trophorUB. This consists of a plate of sulphur, 
vulcani.jerl rubber, or similar material, and a 
metal plate or cover with an insulating handle 
(F'8- 7)- Rubbing the sulphur or rubber with 
flannel electrifies it negatively. When the cover 
is set down it touches the base at only a few 
points on account of its roughness, and it be- 
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i electrified by indiictioD i) 
I, The negative 



the 



1 Charges 



Eleclrophorus. 



r iliustrated in Fi 
induced charge may be aU< 
escape into the operator's body by touch 
cover with a finger, as eiplained in Article 
cover ihen remains with a positive chargf 
may be used to charge other bodies. 

The process of charging the cover i 
repeated ^ain and again without affect 
charge on the base, but the latter will ht 
dissipated through dampness in the air. 
SO. The Holtz InductlOD Hacbiae. — What is known as a Hoi 
trie machine may be roughly described as an automatic electro 
This consists of two parallel plates of glass, one of which is mou 
rotate, with certain inducting and collecting devices (Fig. 9). 1 
lowing is a brief explanation of the action of this machine : At o 
points on the stationary plate holes or windows are cut. and ove 
are pasted pieces of paper called 
Sectors. These are given ojiposite 
charges by means of mbbeil rods 
of glass and sealing-wax, or by 
Other means. In front of the re- 
volving plate opposite each sector 
is a comb. The charges 00 the 
sectors act indirectly on the combs 
and the conductors attached to 
ihem, so that the knobs that ler- 
mioate the conductors are charged 
with opposite kinds of electricity. 
The electricity which is attracted 
into the combs flows off on to the 
revolving plate exactly as was ex- 
plained in the case of the cylinder 
friction machine, and charges it as 
shown in Figure 10. The charges 
on the revolving glass are carried around under the opposite 
and act inductively on them, and are then neutralized by the < 
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"o the nrearas of air particles passing off the combs. If the two knobs 
JT pUted iti connection, a flow of electricity passes througti the con- 
:ij'lOfs tmt of the combs on to the 
'eiulring jjUte, which is thus kept 
';ijrgtii, as in Figure lo, and the 

■ iiTOi! of electricity continues as 
'■'-■<i ts the plate is revolved. If 
i"f [jlMe is revolved with sufficient 

■ 'inJily 3 spark will jump from knob 
i'' iioob, thus completing the circuit, 

■^nwhen the knobs are a consider- 
•irt distance apart. 

^■Staniog the machine, it is really 
Beinit to charge only one of the 
^PB,as the other will then become charged through the action a 
Blnacbine. It is not necessary to go fully into the action of thel 
Hfoes, or into that of various devices used to increase their cffectivf 
Hntd nuke them self-exciting. 
^B> Hydraulic Analogy. ^— The action of Holtz and simitar machines 
Hbt compared, in a rough but handy analogy, to pumps for circulat- 
^Viler or gas through a system of pipes. The machines may be 
^Hctcd ta be mathines for pumping electricity. 
BppOK two deep tubs to he placed side by side, and a pump to be 
Htctetl in a pipe leading from the bottom of one to the bottom of 
BUkt. If the tubs are partly full of water and the pump is started, 
^B *itt be drawn from one tank and sent into the other one, thus 
^Ktbe water level in the latter. If an overflaw pipe is carried from 
^Bper tub lo the lower one, the overflow will run back into the 
^nuk, and the water will be simply circulated by the pump through 
^■leni of pipes between the two tanks. 

^m k similar to the conditions of an electrical machine when the 
^pe and negative terminals are connected together or sparks are 
Kg betwcea them. 

Hr( if the overflow pipe is stopped up, and drip pans are arranged 
Bt water from the upper tank cannot run down into the lower one, 
^fai^ wOl soon empty the lower tank, after which it may continue 
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to run, but it cannot puitip any water, and no stream will flow through 
the pipes. 

Id the same way, if the two conductors of an electric machine an 
not connected, and are too far apart for a sparlc to pass between them,' 
the conductors will be strongly charged with opposite kinds of elec- 
tricity (that is, their difference of electrical level" or potential becomi 
great), but then the action of the machine in circulating electricity must 
cease until a path is provided for the current to flow. 

82. The Ampere. — The quantity of water circulated by the pum] 
depends upon the pressure which it produces, and upon the size of the 
connecting pipes ; and a similar rule holds for the circulation of elec- 
tricity by an electrical machine. The volume of the stream of watc^ 
may be designated as a. certain number of gallons or cubic feet pec 
second. In the same way the volume of a current of electricity mxf 
be designated as one which conveys a certain number of coulombs pe^ 
second. An electric current carrying one coulomb per second is called 
a current of one Ampere, and the volume of an electric current is always 
given in amperes. This name was given in honor of a great Frenca 
scientist whose name was Ampfere. 

23. The Volt. — To pass a stream of a certain number of gallons pei 
minute through a certain pipe demands the application of a cenaiij 
pressure to overcome the frictional resistance. In the same way ^ 
requires a certain Electrical Pressure, or difference of potential, to 
pass a given electrical current through any conducting wire, on account 
of the resistance which the wire offers to the flow of the electricitfj 
The resistance to the passage of electricily, or the Electrical Resistance, 
in any material, is the reciprocal or opposite of its conducting; power* 
TJtr greater its cenducHitj^ pntver, the Icxs is its electrical resistance. 1 

We usually measure water pressure, or the pressure of gas, in poundl 
per square inch, or in feet difference of level, or head. The correspond! 
ing unit of electrical pressure is a Volt, which was named after Volta, i 
great Italian scientist. I 

Returning again to the pump and tanks, — when the pump is set q 
motion, it sets up a difference of pressure which may be measured by I 
gauge, and this starts the water to flowing if it has an outlet. In lh< 
same wiy we may look upon electrical machines as setting up a 
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Kof efectrical pressure (which may be measured bj- a proper elec 
Dt), and this starts the electricity to flowing if it has s 



a levls us to the necessity of considering a positive charge of eleo- J 
^u electricity at high electrical pressure or high potential, and « j 
n charge as electricity at low electrical pressure or low potential,' 
\tt a point of high electrical pressnre is connected by a conducting 
^to a point of lower pressure, electricity will flow from the higher 
pto the lower, iinttj the pressure is equalized, unless the difference 
:ontinually kept up by a machine; exactly as has been 
matd, where two tanks, standing side by side, are tilled with water 
Strent heights, and are connected by a pipe, — in which case water 
• from one to the other until the level is the same in both.' 
t Pretmre produced by Electrical Macbioes. — Before leaving the 
mof electrical machines working by friction and induction, it is 
to caH attention to the great pressure of the eleclriciiy generated 
!m. This is shown by the sparks which may be caused by them 
t through the air, or even to pierce wood, glass, or other solid 
These effects may be called miniature lightning effects, for 
s simply caused by the passage through the air of a current 
Iricity under enormous pressure. Thunder is like the crackle of 
wk from an electrical machine greatly magnified. 
e the electrical pressure generated by these machines is very 
llhe quantity of electricity generated is quite small, and for cora- 
I purposes, in which a considerable volume of electricity is 
i, other methods of generating the current are used. These arc 
bed in later chapters. 

L UghtiUng. ^Thc identity of electrical discharges and hghlmng 
jonslratcd at ihe instance of Benjamin Franklin (one of the 
I eupcrimenters and most brilliant thinkers the world has ever 
lie himself secured unimpeachable evidence of this iden- 
t 1751, by his classical experiment of drawing an electrical dis- 
|» from a thunder cloud along the string of a kite. It was through 
n's suggestion that hghtping rods came to be erected, and t^y 
|u least four hundred were in use in Philadelphia. It has nev( 
>AiticIs i6and 17. 'Article 16, 
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yet been conclusively determined how the clouds get their great chaises 
of electriciiy which produce the lightning strokes, 

26. Electrical Capacity. — If the bottom of one of the tanks described 
in the first articles of the chapter, which is filled with water, is con- 
nected by means of a pipe to the bottom of its mate of different diameter, 
which stands on the same level, the water will flow into the second tank 
until it stands at the same height in both. The ([uantity ol water in 
each vessel, when the flow has ceased, is proportional to the capadty of 
the vessel. During the flow, the water falls in one vessel and rises in the 
other. In the same way \i a conductor, such as a brass ball carrying an 
electric charge, is touched by an uncharged conductor, part of the charge 
flows to the second conductor. During the flow the electric pressure 
of one conductor falls and the pressure of the other rises. After the 
flow has ceased, the electrical pressures of the two .conductors are equal. 
The quantities of electricity on the two conductors are not equal unless 
the conductors are exactly similar, but the quantity on each will depend 
upon its capacity to iiold electricity, or its Electrical Capacity. The 
electrical capacity of a conductor depends upon its size, shape, and 
surroundings. It is measured by the number of coulombs of electrics^ 
required to raise the eleetrical pressure of the condudor one volt, exactly 
as the capacity of a cylindrical tank is measured by the number of gal- 
lons of water required to fill it to the depth, or head, of one foot. 

The electrical pressure of a conductor carrying a charge of electricity 
is ordinarily reckoned as the riiflerence between it and the average elec- 
trical pressure of the earth's surface, which is called zero. This is simi- 
lar to the reference of levels or heights to the sea level as a zero point 
from which to start. 

27. The Farad. — When the pressure of a conductor is raised one volt 
by the ch.irge of one coulomb, the conductor is said to have a capacity 
of one Farad, after Faraday, the distinguished English scientist, 

28. Condensers. — The presence of charges of an opposite sign near 
a charged conductor has a remark.ible influence on the conductor's 
capacity. For instance, if pieces of tinfoil are pasted upon the two 
sides of a sheet of mica, and the two tinfoil coatings are given opposite 
charges, the charges act inductively on each other and increase the 
capacities of the coatings by modifying their relative potentials. Such 
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ir, jrrangirincnt is called a Coadenser. The tinfoil sheets are called the 
Coilingi u[ PUtes of the condenser, nnd the insulating material is called 
i>ir Dideetrie. The coatings of a condenser may be made of any con- 
'lii'-ting material, and the dielectric of any insulating material. 

ihe combined capacity of the coalings is the ca|>acity of the con- 
i-awt. A eendemer has a eapoiity of one Jarad when the tramfer of 
"i« ceulemb of tttttricity from one plate to the other changes tlie liifftrenee 
! 'kstncai pressure, or potential, betttieen the plates by one volt; and the 
■:'«i>iff gf electricity in a charged condenser is equal to the product of the 
-^ty ef the condenser {in/nrads) with the difference of pressure be- 

■!n Ike plates {in volts). This may be represented algebraically by 
iiicnptcisioas 

Q = Sy, and hence S= Q/V and V= Q/S, 

' Q h taken to represent coulombs, ^ to represent farads, and F lo 
"■^TOtnt volts. To " charge a condenser with a certain quantity of elec- 
"ipf" means that a positive charge of the given quantity is placed upon 
-i^c pliie and an equal negative charge on the other plaic. 
A brad is a much larger capacity than is ordinarily found in electrical 
a that capacity is usually reckoned in milliontbs of a farad, or 
a (from micro, meaning htlle), 
'fample. — What pressure is required to charge a condenser of 
ifatadscapacitywith.o^coulombsof electricity. Ans. 3000V0IIS. 
^condenser tDay be charged in either of two ways : — 
ml, \iy connecting one plate to earth and placing the charge on 
At (Kliet plate, when the required opposite charge will collect on the 
F^indcd piate by induction, 

StcDod. by connecting the two plates ol the condenser to the two ler- 
"Moh of an electrical machine, or other source of electricity, when the 
tttJrBe is communicated by the machine, which acts as an clecihcity pump. 
Svery electrical conductor, as we have seen, has capacity, and when 
ID innlaied wire is laid in the earth or is strung overhead it becomes 
MepUte of a condenser. The other plate of the condenser is the earth, 
"^l the dielectric is the insuiating covering of the wire, or the air which 
s bttwwn it and the earth. The capacity of a wire has a great deal 
•rf effect on its usefulness in telephone service. Every hundredth of a 
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&, Wat h an induction electrical machine? 

9. Wlutisanelectrophorui? 

la How is an electrophoros used ? 

II. When an electrophorus cover is set upon the charged plate, why does it not 
iob tiie plate of its charge ? 

U If the plate of an electrophorus is charged positively and the cover placed 
■poo i^ why will the cover retain a negative charge if it is touched by the finger 
Wore it is removed ? 

li- Describe a Holtz machine. 

14* yfhzt are the sectors in a Holtz machine for? 

i> Explain the complete action in a Holtz machine. 

16. Compare the action of electrical machines with a pump. 

17. What is an ampere ? 

i& If 10 coulombs of electricity flow through a conductor in a second, how many 
Miperes compose the current ? 

'9- If 50 coulombs of electricity flow through a conductor in 10 seconds, how 
■^ng is the current ? 

^- If a current of to amperes is carried by a conductor for 10 seconds, how many 
coalombs of electricity pass through the conductor? 

21. \\'hat U a volt ? 

22. What is it that is measured or expressed in volts? 
23' WTiat is meant by the resistance of a conductor? 
24* WTiat relation has resistance to conductivity? 

25* Wliy are friction or induction electrical machines of small commercial value ? 

26. What is electrical capacity ? 

^- Compare the capacity of a conductor for holding electricity with that of a 
^T^indrical tank for holding water. 

^ What is a farad ? 

^' After whom was this unit of capacity named ? 

3^ What is a condenser? 

3*' WTiat is a dielectric? 

32. Why is the combined capacity of two plates increased when they are brought 
^together? 

33- How may a condenser be charged ? 

34* Do all conductors have capacity? 

35* WTien has a condenser a capacity of i farad ? 

36- WTiat capacity has a condenser if a charge of 20 coulombs raises the pressure 
°^^tn its terminals bv one volt ? 

37- Would the condenser of the preceding question be very large or small 
'Spired with those likely to be met with in electrical work ? 

3^' Describe a Leyden jar. 



CHAPTER IV 

ELECTRIC BATTERIES, OR APPLIANCES FOR TRANSFORMING CHEM^ 
ICAL ENERGY INTO ELECTRICAL ENERGY 



30. Electric Batteries. — One of the effects of chemical action is to 
give out heat. When wood or coal is buraed, the carbon of the burning 
material combines with oxygen from the air, and heat is given out as the 
result of the chemical combination which we call Combustion or burning. 
In the same way, if zinc is dissolved in sulphuric acid, the acid combines 
with the zinc, and heat is given off as the result of the chemical combina- 
tion. This heat represents a certain energy or capacity for doing work- 
It has been found that under certain conditions the energy thus repre" 
sented by chemical action may be converted into an electric current^ and, 
taking advantage of this, we get Electric Batteries. 

Electric currents produced by chemical action were first observed and 
studied about the end of the eighteenth century by Galvani and Volta, 
both of whom were Italian scientists. Volta will be recognized as the 
man from whose name comes the word " volt," the name of the unit 
of electrical pressure.^ 

31. Two Different Metals dipped in a Liquid. — When two plates of 

different metals are placed in a liquid 
so that they do not touch each other, 
as is shown in Figure 12, and the 
liquid is one which is incHned to 
attack them chemically, one of the 
plates becomes positively charged, 
and the other negatively charged, 
with electricity. The charges are 
so minute that they cannot be dis- 
tinguished by the electroscope pre- 
viously explained, but a delicate electrometer will distinguish and meas- 
ure them. 

1 Artick 23. ' ' 
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-j- COPPER PLATE 



Fici. 12. — Simple Battery Cell. 



ELECTRIC BATTERIES 



If lilt metal plaies are connected by a wire, a current flows through it 
fruni one pUie to the cither, and this may be readily distinguished by 
?;frcts, which are described in later chapters. The positive or high 
■.mmte plate is the one which is attacked least readily by the liquid. ~ 

32. Voltaic Cell. — It is almost exactly a century since Volta dif 
■T^l Ihai ao electromotive force may be set up through 
^ip'iined, in a more convenient manner than by charging two bodies 
*iih unlike charges. His discovery is at the foundation of a great deal 

f'lurclectrical work of to-day, and in simple words may be explained 
'- i"ullo»-s : When a complete conducting path or ring is made up of 
i -jI (tnps or wires, there is no electric action (provided all parts of 
iif [alh Sire at the same temperature, and in hke conditions in other re- 

■^u), n« matter how many different pieces of metal of various kinds 
:■ introduced into the ring. 

N"(w, if an opening is made in the metal ring where two different 
"■^'jkjoia, and the two ends are dipped into a little acid, or a solution 
■ ' all, or some other chemically active liquid, a difference of potential 
■ « oBce set up and an electric current flows around the ring. Partic- 
'■■-! jiteniioD should be given to the fact that the two ends of the ring 
■■['[.wl into the fluid must be composed of different metals in order that 
' ' urrait may flow. It therefore requires that 
■■ I'lst three different conductors {in our illus- 
"lUnn, two different metals and a liquid) shall 
'- loineri in a ring if a current flow ia to be 
'''sJned ; and at least one of the conductors, 

I'lr instance the liquid, must be of a differ- 
-■■■ chemical class from the others. 

Tde arrangement under consideration is 
I' -seated in Figure 13, which shows a ring 

■"ir-oscd of joined wires of zinc and copper, 
■"'fi their free ends dipping into a tumbler 
'"■'ling dilute sulphuric acid. The arrows 
-J'' the direction of the flow of current. 
■' "e sever the wires outside of the liquid 
"■° electromotive force will still remain, but 1 
■'fuue the conducting path is broken. 
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T the name of Volta, and one volt of electrical pressure is a 

e than the electromotive force of a Voltaic cell with zinc and 

trplales and dilute sulphuric acid for the liquid. 

L Energy expended in Continuous Flow. — When two insulated 

s at different electrical pressures are connected by a wire, a 

tf nirrcnl flows ; just as a current of water flows through the pipe 

g two tanks in which water stands at different levels ; but the 

eases as soon as the pressure is equalized. Jn order thai a 

f currfnt may be produced, a difference of eleelrical pressure 

t tenlinuously supplied in a elosed circuH. If some method is 

oced for maintaining the difference of potential or pressure (as 

« the case, in our analogy of vessels of water connected by a pipe or 

if we kepi pumping the water from the lower to the higher vessel), 

• of electricity will be constant. One method of accomphshing 

ly means of the electric batteries which have grown out of Volta's 

', and which may be considered for convenience as chemical 

s for pumping electricity from a lower potential to a higher. 

c desire to have a continuous flow of water from one vessel to 

T one at lower level, it is necessary lo keep refilling the higher 

IS water runs out of it. To do this, the water must be raised 

e lower level to the higher, which means that work must be per- 

d and energy expended. There are various ways in which this 

J may be supplied : we may carry the water up in hand buckets, 

J up animal energy ; we may divert rain water or a flowing 

n into the higher vessel, thus utilizing the effects of the energy from 

eat of the sun, by means of which the water was raised from ihe 

J become clouds : we may pump the water directly from the 

I lo ihc upper one by means of a pump driven by a steam 

f, ihus utilizing the energy of the steam, which was given to it from 

eat of the burning coal. 

y then say that il requires a continuous expenditure of energy 
continuously in circulation. Some of this energy may be 
1 by putting water motors in the hose or pipe through which 
r flows from the higher to the lower vessel, but much of the 
i lost by fricRon in the pipes and pump. 
' Article aj. 
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bntmued steady flow of current, and for that reason they arc called 
ttm Ciicnit CelU. These cells are extensively used for ringing bells, for 
dtii^ signals, for telephones, etc., where the work is iniermlttent and — 
Sw cells hare time to regain a proper working condition while restiit 
bllKui the periods of activity. 

A minority of the cells making use of the electrochemical methods i 
^epolaruing, have no tendency to polarize, and may therefore be Ui 
cofniouously. Such celb are called Conatant or Closed Circuit Cells. 



QUESTIONS 
). VHin ue electric batteries? 

i How a the energy for an eletlric current obtained in an electric battery? 
Ji Wtui happeni when two (liuimilar plates arc dipped into an rlecttulyte? 
I- 1/ the pisies are connected by » wire, which one a attacked by the electroIytel9 
t- After whom wai the volt named? 
^ Whit Ji(i V'olta discover ? 
;. lificribc a voltaic cell. 
^ l>acri)ie a voltaic pile. 
:^ Moa <ncrgy b« continually expended to keep a current flowing through a bU* J 

- Which ii the positive pole of a cell? 
I' WTiM are the eleclrodei of a cell? 

- Wliai it ihc electrolyte of a cell? 
' - li there any difference between electricity generated by a battery and that gen- 
'" I !i< whtr mcaru? 

'■■ K'hat is a closed circuit? 

■ Wjl electricity Bow if the circuit is open ? 
■'■ lithe presiurcin all kinds of battery cells the tame? 

' Which pole ia positive in a linc-coppet-aulphuric acid cell? 
' li tVD cells, both using sulphuric aciil, but one having line and lead elec- 
i lad the other lead and copper, in which i« the lead positive? In which is it 

'" VMnUaie some of the tnatcnals uied in making batteries? 
"J How aie cells connected in series? 

■' If 10 celh, each of which produces a pressure of a volts, are connected in 
•"^-rtst will be the total pressure? 
-^ Doo the ntr of the cell electiodes affect the pressure produced? 
IJ- ilo* cxn it be shown that the the of the electrodes does not affect tl 

Vrlul aamt the ordinary polarization which occun in ptiinB.T; ceUi T 
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t almoet always of zinc and carbon electrodes ii 
lilBtian of sal ammomac (ihe scientific name fur which is 
6nd{), The carbons are made with very large surfaces and in end- 

y of forms. 

L Chemical Depolarization ; Bichromste CeUa. — If some sub- 

s added to the liquid of the cell which will combine with the 

ngn is quickly as it is formed, the polarization will evidently be 

This is the foundation of the second method of depolarizing. 

umbsUoces may be used for this purpose, but dioxide of manga- 

t ludiromate of pot- 



, which i; 



often 11 



ed 




n small motors, ig- 

I gas-en - 

[ Ud for similar 

linc-car- 

{r, with a liquid 

sulphuric 

[ which bichro- 

\f& potash or soda 

Mved. When this 

Bin operation, pobr- 

B it prevented by 

Ibmediaie combina- 

rtlb the bichromate of potash or soda, of the hydrc^en which is 

d from the sulphuric acid. Carbon is used for the positive plate 

B cell because the bichromate of potash will attack and destroy 

In the bichromate battery the zincs are generally arranged so 

bey may be lifted out of the fluid when the cells are not in use, 

E the fluid eats up zinc when the circuit of the cell is open. 

i this comes the name Plunge Battery (Fig. i8). 
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36 ELECTRICITY AND > 

i$. Wli« arc the efleco of the hydiog< 
plates in > linc-cuppei-sulphucic acid cell ? 

z6. Why is the preuute which the hj^dtu^ea 
electric pressure? 

3J. Id what three ways may depalaruation l« 

3S. What are open circuit cells? 

19. Why cafi open circuit cells t>c used utisTaLl' 

43. Hechanlcol Depolariiatlon. — The J 

requires that the hydrogen btibbles be E 
fast as they are deposited upon it. 
Slirring the liquid or blowing air ii 
roughened, the hydrogen bubbles will n 
will float off to tiie surface of the 111) 
employed in a cell commonly called„^ 
mercially many years ago, but it waa n 
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would destroy the copper oxide. The hydrogen set free when the cell is 
in action combines with the oxygen of the copper oxide plate, thus pre- 
venting polarization. This cell is used extensively for medical purposes. 

A chloride of silver battery is shown in Figure aa, where Z, Zarc the 
zincs, and 5, .S are the silver plates upon which silver chloride has been 
cast. The liquid used is ammonium chloride, or sal ammoniac. Zinc 
chloride is formed at the zinc plates, and the free combination of hydro- 
gen and nitrogen which results from the action of the battery forms am- 
monium chloride at the silver plates by drawing chlorine from the silver 
chloride depolarizer. The silver chloride battery is especially adapted 
for electric testing, and should not be required to (iimish large currents. 

47. Chemical DepoUuizatlon ; LedanchJ Cells. — When dioxide of 
manganese is used as a depolarizer, it is generally broken up into small 
lumps and put into a porous cup surrounding a positive plate of carbon. 





Fig. 14. ~ Carbon Plate » 

Piiims, Zinc, and Cover of " Prism " 

Leclancht Ce[L 

When sal ammoniac dissolved in water is used as the liquid in this form 
of cell, it makes the familiar Leclanchd battery (Fig. 23), which is used 
so frequently in lingtng door bells and in dom% similai aemcc. Some- 
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dfr dioxide of manganese is pulverized and imxed wtdi shellac, 
which it is pressed into small brinks, which arc placed upon either 
eftiie caibon positive plate (Fig. 24), as in the "prism" Leclanchi 
The depolarizing effect ol dioxide of manganese is not snffi- 
twerftil to prevent a cell from becoming polarized if used con- 
Consequently, Leclanch^ cells are only satisfactoty in service 
mittent, like ringing door bells, where the circuit is open a 
part of the time and the battery rests without chemical 
Ledanch^ cells are called open circuit cells on account of the 
■obanical action which goes on in them when the circuit is open, 
Gsnse they are not satisfactory in continuous service.' 
Bsctrochaniical Depolarization; Daniell's Battery. — The third 
l«f depolarizing introduces more complicated chemical reacdons, 
ttese we need not give much detail. Through the use of this 
celh are constructed which give excellent results in continuous 
and which are, therefore, called closed circuit cells,' One of 
a probably the most commonly used of any form of battery. This 
'■ oidinary Gravity Battery, or copper sulphate battery, which is so 
ined in telegraphy. 

Hk original Daniell's cell froni which the gravity cell came, the 
•St liquid is dilute sulphuric acid in which is immersed the zinc or 
*plire plate. The copper plate is immersed in a depolarizing solution 
nonihiiiy copper sulphate, or blue vitriol (sometimes called bluestone). 
^ tw) solutions arc separated by a porous cup. Jn general terms the 
''WBicsl action which occurs when ihe linttery is ivorking is as follows ; 
"Cajphuric acid attacks the zinc, and sulphate ot zinc is formed. At 
™ nme time hydrogen is liberated from the sulphuric acid and goes 
"•Wl the copper plate, where it would be deposited if it were not for 
"* copper sulphate which surrounds the copper plate. When the hydro- 
lageti into the copper sulphate solution, it goes into combination, and 
''fips biepRiated from the solution and deposited upon the copper 
W^ libSch is therefore kept bright and in good working condition. 

Dutiiig the operation of the cell the chemical action which has been 
Uetf esplained causes a change in the character of the solutions. The 
lie Kid changes to a solution of sulphate of zinc, and the copper 
Itu^llmt, JuOele 4a. ■ See, alio. Article 4:^ 
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rough the difference in their densities, instead of by a ' 

ig up such a cell it is usual to put the copper in the bottom of j 

nmaded by crystals of copper sulphate. The jar is then filled i 

' to Deal its top, and the zinc is immersed in ihe upper part of I 

The cell may be placed on Short Circuit for a time, and it 

itself into good operating condition, or a httle sulphuric acid . 
phate solution may be carefully poured into the water, and the \ 
i once be in condition. 

rity cell is allowed to stand upon open circuit, the two solutions 
' mix by Diffusion. When any of the copper sulphate solution ' 

e zinc, a black deposit of oxide of copper is made on it. This 1 
ell in such condition that it will not work satisfactorily until the ' 
been cleaned. When the cell is in operation, the copper 
I changed into zinc sulphate so rapidly that it gets no chance 

h the latter. A gravity battery, therefore, is only satisfactory 
rice which keeps it constantly working. For this reason and 
use it does not polarize in the least, it is called a closed 

rarious other types of bat- 

ivfaich the third method of de- 
is used, but which are not in 

f general use to make their de- 

lesirable here. 

f Batteries. — During the last few 

1 are called diy battery cells have 

ing into quite extensive use for 

Bt work. These cells usually have 

arbon electrodes, while ihe elec- 
io the form of a paste instead 

Mqnid as in the ordinary cells. 

Ihe oldest form of dry cell is one 

l»y Gaasner, and shown in Figure 
is made in ihe form of a deep 

1 the containing vessel. In the p.^. =^,- Dry C«li. Showing ibe 
i occupying probably one-half Filling. ' 
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LCXIAL ACnOS ^z 

• Zincs for batteries, art aisi somrrnjer zzr vrn: i ?nr' 
•-■i meicury id their coznpxrdzji.. wr..:: l- ::.:-: -r^ : r.ik-y 

.1 'LMmation. Tne mtmir* at^'ni.- :. .jve: sH m.- 

. . • jiicaent only pure z:ac a: iin ?::rji:-- 

.. -.1 of Giemical Actum is b CeL. — Tuz zn-.yzr.: :?' mm'. 

.-cfiilly consamed is 2. l^\. Ur".?-JT;_- irr/i- -j:*:): :: t 

I'jmbs of electric! tr whiLL li-t :f-:: ' ■ . : : :ir tr.-:-:.-: 

The amount of hydruztrr. zll.-. . ■: ; -^ •- . :::i" z;-:--- 

■ the liquid also dependr i::»:»l -m Tij- .:<• :»: : I'^ij^.:*.- :»:' 

■ h pass through the ctl. T*^ir mr- :r: fu.'.^i l- l r-en^r:^ 

i^ iiiical action: Ihr amrnf.: / .'.:?»....:. £ -.- ?. .» j .-J 

'V upon ike amount of fUcT*-. r:r i. '. . . '. /'j. :'. - i,rr . : i ri 1 

.hemical action is the same :r. j.\ :: - j r <.•»•• . •. r. • .:• j 

•■ the same amount of czrrtzir, w 1 f v ::_"--j;,r: --:f n. l.'. 

: of a metal in grammeE - zatrri: -.ir-i-rt w .- i.--..-. t-i 

v-iit-Ti oue coulomb of rif.::'.: :; : i.-rr: :*- _• 1 t :? 

• .'i.rocbemicaI Equiralert :* :• t "t::.. -. *.. r ".::. 

i jijliemical equivaitrL'-r 1: ■. lt.-j.? :*.t-:. .1 -.-n-.r'.r :? 

■: Zinc as a Fuel. — E>r:r.: -iir.tr t-r : '^ '. :. i rrr:i; :? 

• d by chemical actio- fi: :rt it: t::-- :. . :* :.- ■:■.:-.: 

1 Primary Batteries. Ir. r.^i:!. 1.: :: . . r;. ■::.::rr:rf 

■ 1 is consumed is zir.:. Tr.e .ia . :' - -. :-:■ r.r ::.;..'. 

' liready stated shows that no curren: cir. :--r :r. i . :r : '.^-:r.:.:: :;r- 

' '» ronsumption of metal, just as an 27; 'e: :a: "r i-.. . jr.: c:" h::.: 

.n out from a fire without an apircLialie «: ..:>;:r.: :;on v^f 

■ sption of zinc in a battery to frirnish elc'-tricil enercv in 
!: clt.rtric current is similar t«» the liv.rninj of co.il iin»kT a 
.;■; it earn power. It can h^ rca<iily seen that ;Mnc makes 

I'lvl, even though the consumption of a pounil of /inr 

M :• ■ I 'ices several times as much eneriry as is ]>rodurcil by 

■ :: >f a pound of coal in the furnace of a boiler : and bat- 

■■ h 7Tnc is consumed cannot be used eonunerci.illy to furnish 

.! '-re currents of great magnitude are required, as in 
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For such purposes the battery can never compete with the dyna^^ 
driven by a steam engine, unless a cell is invented in which coal may be 
economically consumed in the place of zinc so that the heat due to 
the combustion of coal may be thus directly transferred into electrical 
energy, or a cyclic system is commercially developed in which the metal 
dissolved in the battery may be recovered through the action of elecirit 
currents generated by water power. If this is ever done, the electrk 
battery will displace the sleam boiler and engine, but batteriti i» 
whUh sine is (onsttrtifd ran never eeonomically famish current for 
light and power. 

Wbere Batteries are Valuable. — In many domestic operatioo^ 

I such as ringing electric bells, regulating dampers, etc., primary batteria 
hold an important place. In telegraphy and telephony, and other com- 

I mercial applications of electricity and magnetism on a large scale in 
which comparatively weak currents are required, they are used in great 

I cumbers. They are also used in electrotherapeutics and similar 

I spplicalions. 

For many domestic purposes the work required of a battery is inter- 
inittent, and so small that a cell of constant electromotive force is not 
required. Consequently many batteries are made of simple zinc-carboa 
celts in which the licgtiid is a solution of sal ammoniac. These cells arB 

^like Ixclanch^ cells without the dioxide of manganese depolariio. 
The carbon plate is generally made with a large surface, as illustrated 
Figures i6 and 17, so thai the polarization is not very rapid. 
56. Storage Batteries. — If a gravity cell is worked until its solution^ 
contains plenty of zinc sulphate, and a current is then passed through it 
from the copper plate to the zinc plate, metallic zinc will be deposited 
on the zinc plate by the chemical action due to the current. Tlie curreM 
which separates the zinc from the liquid is passed through the tA 
against the electric pressure naturally developed by the cell, and energj, 
must be expended in order that the current may flow. This enei^ 
stored up during the process, in the deposited zinc, and may be returned 
when the zinc is again dissolved through the operation of the batta) 
in the ordinary manner. 

Altemale Discharging of the battery by taking current, and c 
qaently energy, from it through the consumption of zinc, and then 
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y expending energy in the cell by sending current into it ' 
;, may be kepi iip indefinitely. Each lime the cell ' 
t gives out as much energy through the consumption of 1 
in depositing the same amount of zinc. 
Fdedactions of energy from the external electrical cir- 
vilabiy Unked with these operations, so thai 1 
r for the reader to assume that the Efficiency of the 1 
i per cent. 

^h energy may be stored through the forced chcmi- 
rging, and from which this energy may be then 
I the natural action of the cells, ts called a Storage 
t batteries are also called Accumulators or Secondary 

lecells are usually made with lead plates immersed 
tacid. When a cell of this type is fully charged, one 
B>e negative one, is of a grayish color and is pracii- 
k a surface in a more or less spongy state. The other ' 
r plum color, due to ihe fact thai its surface is 
t of the brownish oxide of lead, or, as it is called, 
( When Ihe circuit is closed, a current flows. 

Kit within the cell is from the gray plate toward the ! 
bthecell is being discharged. The electrical pressure ' 
B,bir chemical reactions between the plates and the sul- 
^"Wfaen the current flows, change the lead oxide on 
einto sulphnle of lead, and at the same time also 
Tthe grey plate inio sulphate of lead. The cell con- 
tcorrent until the surfaces of the plates become, to a 
'• degree, changed into sulphate of lead, and then 
npidly, as it will be remembered that similar plates 
jtexbibit an electromotive force. Under this condition ' 
D be fully discharged, and it can be charged up again 
I) it in the opposite direction. ' 

a is one in which the negative plate is restored to 
ion, and the positive plate becomes oxidized again. 
! has been reduced to practically plain lead with I 
IB ceH is said to be fully charged. In actual work s 
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cell is never alloweti to becor 
charge is very likely to re^iult ii 



Qtirely disch.-irged, as con 
11 great injury to the plates. 
57. ConBtruction of Lead Cells. — Since the chemical 3Cti 
goes on in these storage cells during charging and dischargir 
consists in transferring oxygen, which exists in the oxide or si 
lead on the plates, from one plate to the other, it is desirabl 
plates be capable of holding a large amount of oxide of leac 
that the cells may be of large capacity ; and ihey are therel 
with corrugations or perforations in which the oxide may be fij 
perforated plates are called Grids. 

Sometimes the plates are made up for use by filhng the p< 
in the grids with a paste consisting of lead oxide moistened 
phuric acid. This process is called Pasting ; and plates mac 
are often called Pasted plates, or Faure plates after the nai 
inventor of the method. Sometimes the oxide is formed b; 
charging and discharging c 
This process is called Fon 
plates of this kind are call 
plates, after the original ii 
the lead plate storage ImI 
used this method. In th 
of pasting it is usual to ut 
low oxide of lead, which 
monly known as litharge, 
on the negative plates, an 
oxide, which is commonly 
minium, to paste on thi 
plates. These turn into pla 
the negative and peroxide 
the positive plates, during tl 
of charging the battery. So 
faclurers paste both plalet 
phate of lead moistenet 
phuric acid, instead of 
oxides of lead. The sulphate of lead is a white powdery 
which can be bought of dealers in chemicals. 
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Figure *S shows a lead plate storage cell in a glass Jar. In place of 
ic jar it is not unusual to use a rubber cell, or a wooden box lined with 
abber or lead. In order that the cell may have a capacity for a largt 
nrrent, a number of positive and negative plates are put alternately 
at jar and are connected in Parallel — that is, the plates are connected 
e that the current capacity of the cell is equal to the sum of the capacl 
ia of die various plates, bvit the pressure of the cell is the same as thai 
of a cell made up of a single pair of the plates. 

Tlie positive plates of a lead plate storage battery usually have ftJ 
brownbh color, and the negative plates a grayish color. The electrical 
pttssurc produced by a lead plate cell generally varies between i-8 and. 
s.i volts at different conditions of the charge. The higher value occurs 
in J fully charged cell, and the pressure falls as the cell discharges. 

58. Other Storage Cells. — Commercial storage batteries are made 
»ilh oihet Iic;uids than sulphuric acid and other than lead plates, but 
they csanot be given consideration here, as they have not come into 
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59. Electrolytic CondDCtors, — An electric current seems to flow 
ihtQugh some liquids io a different way from thai in which it flows 
Ihiough solid conductors. In fact, liquids may be divided into tliree 
duses on the ground of their action when subjected to the effect of an 
electric pressure : — _ 

1- Those which appear to be insulators of a high grade, such all 
P'raffine oil, turpentine, etc. 

I- Those which conduct like solids, without apparent chemical 
KUon, such as mercury, metals in a melted condition, etc. 

J. Those in which chemical decompoailion occurs when a current 
^""■s through them, such as solutions of acids or salts of the metals, 
^J some melted compounds. 

liquids of the latter class are called Electrolytes, and the process of 
"•fir decomposition by electrochemical action is called Electrolysis. A 
*lliB which electrolysis is carried on is generally called an Electrolytic 
*™. or when the electrochemical action is used to determine the 
"ffl^h of the current flowing through the cell, it is called a Voltameter, 
" will be explained later. The plates of an electrolytic celt are called 
*W»de6. The electrode at which the current enters the electrolyte 
" Ctdinarily called the Anode, and the other electrode is called the 
"thode. The products of the electrolysis are often called Ions. 

80, Action is Electrolytic Cells. — We wiil, for a moment, consider 
' '" elementary performance of an electrolytic cell in which the elec- 

'■«s are copper plates and the electrolyte is a solution of a copper 

'■' The commonest salts of copper are the sulphate of copper, the 

>i!e of copper, the chloride of copper, the carbonate of copper, and 

' sulphide of copper. Any salt of a metal is a chemical combination 
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formed by the action of an acid on the raetal. Thus, sulphate of copj 
is a combination which may be formed by the action of sulphuric aj 
on copper ; and nitrate of copper may be formed by the action of nil 
acid on copper. Sulphuric acid is a chemical compound of hydrof 
with sulphur and oxygen, — the sulphur and oxygen in this case form; 
what is called an acid radical. The radical of sulphuric acid hai 
greater chemical attraction, or Affinity, for copper tlian for hydrogi 
especially when the acid is hot. Consequently, when copper is imraera 
in hot sulphuric acid the copper is attacked and dissolved, during whi 
process it combines with the acid radical of a portion of the acid si 
forms sulphate of copper. The copper sulphate stays in the solutil 
unless means are taken to cause it to crystallize out. 

The crystallized copper sulphate, or blue vitriol, as it is often calie 
may be bought at any drug store. It is in lumps of tilue crystals whk 
readily dissolve in water. 

1 electrolytic cell is made up 1 

placing copper plates in a vessel TO 

laining a solution of copper sulpha 

in water (Fig. ag), and an electi 

: from a lattery is sent throuj 

the cell, the copper sulphate becom 

decomposed and metallic copper 

deposited on the cathode. The «c 

radical, corresponding in equivale 

amuunt to the copper which is d 

posited from the copper sulpbal 

makes its appearance at the anod 

where its chemical activity causes it 

combine with the copper of the awxl 

which it gradually cats nway. It is thus seen that the anode is gradua 

eaten away or dissolved in the solution, while the cathode grows fro 

the deposited copper. 

Thi» is the way copper plating is done,' though the cathode to ' 

1 U not UBually mode of ciippi-r, and it may. indeed, be of any ea 

; material. During the process of plating, the cathode ^ 

'Article 365. 
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■Ifposiied upon it a covering of metal, while an equivalent amouDt uf 
''"''- metal is dissolved into liie solution from the anode. 

61- Anion in Electrolytic Cells, Continued. — In a similar manner, 
Otiiutsits of copper and the various salts of other metals may be Blec- 
Wywl II is even possible to electrolyze liquids which do not contain 
Mlf in solution, as in the case of the water voltameter, which will be 
■"urc fiilly described later.' Here the electrodes are of platinum and 
'■■'. therefore, not dissolved, but the water is decomposed into its 
"iTutituent parts, which are hydrogen and oxygen, and these are given 
"Wm the shape of bubbles at the cathode and anode respectively. 

Tliis action in using up the electrolyte itself is somewhat similar to the 
^-tion that would have taken place in the copper solution spoken i>( 
- W, if platinum electrodes had been used. In such a case the copper 

■ IS before, deposited upon the cathode ; but the acid radical cannot 
■ -'■' act upon the anode, which is incorrodible, so that it attacks the 

J'.er in (he solution, lakes hydrogen from the water to make sulphuric 
' "Und thereby sets o;iygen free, which gathers upon the anode in bubbles 
'"i L-scapcs. This process continues until all the copper is extracted, 
'■f which the reactions become the same as those explained later for 
' I'I'ilaied water, It is seen that the electrolyte in this case is decom- 
■ "^li. but that the electrodes are unaffected. In such manner it is 
"■'ible to make chemical combinations under the influence of the 
'-'iric current which are of great value to commerce. 
^ '>! melal part, or its etjuivalent in hyiirogen, of an eltctrolyied solu- 
-■ I! aiu'avs df posited upon or escapti at the cathode ; that is, it appears 
'i-itrtl with the current to the electrode where the current leaves the 
"I The acid radical, or its equivalent in oxygen, appears to travel against 
■' 'iirtction of the current and is deposited at the anode, where it may 
''ht be given off as gas, or by combining with the anode, il may cause 

■ Inter to be dissolved. 

S2. Faraday's I.aws. — During the years 1833 and 1834 Faraday 

■ipied his malchless intellect in experimentally investigating the 

'-"•mposition of electrolytes, such as has been described in the pre- 

■■■'^ing article, by the effect of a current of electricity. An exact ■ 

'"'Jwledge of the more important conditions of electrolysis (which p 

>Aniclei66and 156, 
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teries,' and a battery cell is in fact an electrolytic cell in which the process 

of electrolysis is set up by current in the circuit which results from the 

chemical activity in the cell ilself. The chemical changes occurring 

through the consumption of zinc in the primary battery cell supply sufR- 

cieot energy to give a margin for useful purposes outside of the cell ; 

somewhat in the same style, for instance, as fuel is consumed at the boiler 

of s locomotive for the purpose of converting its chemical energy into 

taechaoical power sufficient to overcome the internal frictionaj and other 

tcssunces of the locomotive, and yet leave a goodly margin of power for 

Me in pulling a train. 

The electrolytic cell which ts intended primarily for the purpose of 
decomposing chemical compounds, ordinarily requires, on the other 
^and, electrical energy to be applied from an external source lo set up 
^f chemical decomposition. In fact, there are comparatively few com- 
Wn.KioEs of electrodes and electrolytes that will give out sufficient energy 
'"canyon desired special chemical changes in themselves. 

^Vheiher the power which is used for forcing the current through the 
'ell is obtained from the cell itself or from an external source, such as a 
(lyiimo or battery, the amount of chemical action caused by the elec- 
tfical current in a given time is proportional lo the current flowing; 
*"*! the power expended in making a given amount of chemical change 
^' sfter transformation losses are deducted, equal to that which would 
''s given out or absorbed were the decomposed elements of the electro- 
''f joined together again. The storage battery is a good example of 
'■■" When the battery is being charged, power is required to send the 
■Tent through the circuit which makes the chemical changes in 
"" lattery. When the battery is being discharged, the constituents of 

■ battery return to their original state, and in doing so give c 
- i-'juni of power equal to that expended in charging n 

iits which occur in the circuit. 
I'.iraday foresaw thai ihis must be true, and said that, ' 

■ [juwer which holds the elements of a grain o 
■■^ivt ii made of two atoms of hydrogen to one of oxygen), " or whi 

'"^kes a grain of oxygen and hydrogen in the right proportions unite ii 
**ler when they are made to combine, could be thrown into the com 
' Article S3. 
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tion of a eurrent, it wouUi exactly equal the current required for the 
separation of that grain of water into its elements again." 

65. Elect tocbemicol Equivalents. — The second law given in Article 
6i means that the amount of chemical change thai takes place, when 
a conlomli of electricity is passed through an electrolytic cell, is de- 
pendent u[H)n those characteristics of the elements of the electrolyte 
which may be called their equivalent weights. 

If, then, wc have weighed the amount of silver that is separated from 
n iilvcr sululion by the passing of one coulomb, and if we know the 
eqitlv.ilent weights of the various metals, we can calculate the amount 
\\\ MVi Other metal that will be separated under similar circumstances, 
by n.crely multiplying the weight of the silver separated by the ratio of 
the e<HiivilIent weight of the other metal to that of silver. 

'\\\t wrIght of a material that is separated from an electrolyte by one 
ciiiiIkiiiIi i>f elei'iricity is called its Electrochemical Equivalent The 
cli'ririii'lirmlcal niiiivalents of a few of the chemical " elements " have 
Iwflll ilflcr mined by direct measurements, and others by calculation 
ft\>in their tplntlve combining proportions, 

I'he riillDwIng IK a table of the values of the usual electrochemical 
niulvnUntt for n number of the chemical elements ; — 
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The value of K in this table is equal to the electrochemical equiva- 
.1; of any one of the elements divided by the corresponding equivalent 
".i^hl. Its numerical value is .00001036. The values of the equiva- 
'.:11s for silver are those which are most accurately known. 

It b noticed that two values are given in the table for tin, for iron, 
-il for copper. This is because each of these metals has different 
.eraical equivalents in two classes of compounds of common occur- 
- nee. The second value of the elecirochemical equivalent of copper, i.e. 
-■00319, is the value which usually applies when copper is deposited in 
in electrolytic cell. The table may be reduced to common measure 
for service in electroplating, etc.,' by the knowledge that one gramme 
(Metric Measure) is equal to 15.431 grains, or, approximately, thirty- 
Gre thousandths of an ounce. 

PROBLEMS 

i. How aitny ounces of silver will be depuuted by \O0fKO coalombi of elec- 
-.^ty! ^«j. 3.91 oi. (approi.). 

3. Hob many uaacea uf cappct wilt be deposited hy 1,000,000 coulomba uf clec- 
<:ilr bosa ■ copper inlulion having >n electrochemical equivatent of .000329? 
'■■ "l-S °'~ (•PP'oJ'-)- 

. Bow many ounces of aluminum will be deposited from a suitable electrolyte by 
c impcres ttinriog (or one hour? Ahi. 1.18 01. (approK.). 

!?. How nuoy ounces of linc docs b Daniell cell consume in generating \ of an 
-ipete of current for 3 weeks conlinuouily ? Am. 5.35 oi. (approi.). 

.r. How many ounces of acidulated water wiil 50 amperes flowing fur 5 hours 

■inipcBe? .Int. 2.94 or. (approx.). 

66. ElectrolyBis o* Acidulated Water; Water Voltameter. — Pure 

it« is a non-conductor i but if a little sulphuric acid is added, it 
^>a:omes a conductor, and it may then be decomposed by electrolysis. 
The acid is fir^t decomposed, and that in lurn decomposes the water, 
but the effect is the same as if the water were originally decomposed. 
^n apparatus such as that illustrated in Figure 30 may be used very 
!■ ely for showing the relation between the electrochemical equivalents 
■' hydrogen and oxygen. The tubes A, B, and C are filled with the 
i.iiiulated water and the cocks closed. When the current is turned 
'^, it flows through the water between the electrodes EE, and the 
' Cbuptei XXII. 
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T is decomposed so that oxygen collects in A, forcing the water down ; 
d hydrogen collects in B, also forcing' the water down. The figure shows 
,t there is almost twice ihe volume of the latter as of the former. 

To show why the liberated gases come off in 
these proportional volumes, it should be explained 
that a given weight of hydrogen occupies about 
sixteen times as much bulk or volume as an equal 
weight of oxygen when they are under equal 
pressures. Looking at the table of the preceding 
article, it is seen that one coulomb of electricity 
liberates about one-eighth as much hydrogen by 
weight as of oxygen. Therefore, when a given 
weight of hydroger^ has been generated in the 
voltameter, eight times as great a weight of oxygen 
has appeared in the olher tube. Bui, because of 
the smaller bulk of a given weight of oxygen as 
compared with hydrogen, the amount of oxygen 
_ liberated will ' only fill about one-half as much 

space as the hydrogen. The distance the liquid 
is pressed down in the hydrogen tube is a little greater than twice ilial 
in the other, because some of the oxygen is dissolved in the water. 

67. Theory of Electrolyaia. — The reason why chemical changes take 
place in an electrolytic cell has not as yet been satisfactorily explained, 
though many plausible suggestions have been made. Probably the 
one most usually accepted is the theory of Electrolytic Dissociation. 
The first at all satisfactory step toward this theory was siiggested by 
Grotthuss in 1805. He believed that the metallic parts of a salt were 
charged with a positive charge of electricity, and were attracted by the 
cathode, while ihe non-metallic parts were attracted in ihe opposite 
direction towards the anode. He considered that the current flowing 
through the liquid decomposed it, and that the parts were then caused 
lo move to the electrodes by these attractions. Figure 31 represents 
his conception, which is intended to illustrate his idea of the action 
of the current upon water. The ovals in the figure indicate mole- 
cules, or infinitely small masses of the water. The squares markcA 
with a + sign represent the hydrogen atoms, and those marked wit^> 
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2 — agn represent the oxygen atoms, which are supposed to compose 
the molecules of the water, and which are held together by the attrac- 
tions of their electric charges. When the 
electrodes are charged, the molecules take 
the positions shown in the figure. The 
positive charge on a hydrogen atom next 
to the calhodc is neutralized by the nega- 
tive charge on the plate. This atom is 
thus released from its neighboring oxy- 
gen atom and escapes. The freed oxygen 
atom then combines with the hydrogen 
in the next molecule, the oxygen of that 
molecule going to the next, and so on. 
The last oxygen atom is freed, as was 
the hydrogen, by contiict with the anode. 
New molecules have now formed as in- 
licated by the brackets, and the process of breaking up and re-combin- 
ng is continued. 

Sncc a negative atomic charge has been given to the anode, and a posi- 

■iye charge to the cathode during the process described, a current must 

How through the wire conneciing the terminals of the cell, as shown by the 

arrows, to equalize the potentials, and the elcc- 

iricily continues to be transferred through 

the cell by this exchange of the atoms. 

The STipposed transfer of electricity from 

, electrode to electrode by the atoms, may be 

M likened, by analogy, to the Electric Chimes 

invented by Frankhn in 1752. Figure 32 

represents an apparatus somewhat similar to 

that of Franklin. -4 is an electrical machine, 

£B' are two bells mounted near together 

but insulated from each other, and C is the 

tapper, supported by a silk thread. If C is 

touched to B, it is given a positive charge 

and is repelled by B and attracted by B". 

Flying over to £', the charge of Cis reveiaed 
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by contact with S', and it swings to B again. Thus the tapper continues ' 
to journey back and forth between B and B', carrying a positive charge 
each lime from B to^'anJ returning with a negative charge from B' to A 
The machine A keeps up the charges on the bells by the current indi- 
cated by the arrows, just as the electric battery, B, keeps up the current 
through the electrolytic eel! of Figures 31 and 33. The bells are in 
metallic connection with the machine by means of wires. 

In the analogy with Crotthuss' explanation of the action in the elec- 
trolytic cell, we must think of the bell tappers as infinite in number, and 
charged from an external source ; while as soon as they tap upon the 
electrode (ilie bell) they escape. The continual transfer of electricity 
from electrode to electrode is, however, of a similar character to that 
performed by the "chimes." 

Clausius, about 1857, found that this theory would not explain all the 
phenomena encountered in electrolysis. He considered that Grotthuss' 
explanation of the transfer of electricity was satisfactory, but asserted 
that a sufficient cause did not exist to incite the breaking up of the 
molecules as described. He therefore presented another hypothesis, to 
the effect that when a salt is dissolved or diluted in water some of the 
I molecules ate dissociated, or broken up into their component atoms, 
by the process of solution. If common 
sah (which is a compound of metallic so- 
dium and chlorine) is dissolved in water, 
some of the molecules of the dissolved salt 
are broken up into their atoms, Clausius 
asserted, and the solution therefore con- 
tains some complete molecules of salt and 
also some free atoms of sodium and of 
chlorine. Figure 33 illustrates the case, 
where the ovals represent the complete 
molecules and the squares the free de- , 
ments. The positive squares in this case j 
represent sodium, and the negative ones I 
represent chlorine. Clausius held that the I 
electrolytic action now goes on by the free atoms discharging at the 1 
electrodes as assumed in Grotthuss' theory. 
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■Hiis theory, which has strong experimental evidence for ita support 
■nd has been greatly extended by various noted scientists working 
within the past two decades, has done much (b aid in the develop- 
ment of electrochemistry by affording experimenters a reasonably 
satisfactory basis from which to examine the character of their work ; 
but recent investigations have thrown doubt upon its truth. The reader 
must remernber that it is only a theory to be used for the purpose of 
gaining a graphic idea of the processes of electrolysis, and may there- 
fore be looked upon as akin lo an analogy to be used, tike ihe hydraulic 
analogy to the flow of electric current, only for the purpose of clear 
Shistration. 



QUESTIONS 

t. Whit two kindi of electrical cnnduction are there? 

2. What effect has an electric current upon Bolutions of salts and acids? 

3. What is an electrolyte? 

4. WhatUelectiolysU? 

5. What is an electrode? 

6. What ate the two clectiodel of an electrolytic cell called? 

7. What are ions? 

S. How may the salt of a metal be obtained ? 
9, De$eribe the actiua when a cuiient is sent through au electrolytic cell which 

■ copper plain dipped in a sululion of copper Bulphale. 
to. To which electrode do the melal ions go? 
f I. What happens, in a cell having platinum electrodes and a solution of copper 

Ml a cnrrent passes between the electrodes? 
■j: When did Faraday make his investigations on the decomposition of electro- 

trto? 

I J, What is Faraday's first law of electrolysis? 

14. What is the chemical action in an electrolytic cell proporrional to? 

15. How many more grammes of material will be decomposed by 15 coulomb* 
Om by 5 coulombs? 

116, What i« Faraday's second low? 
17. WhM does Faraday's second law mean? 
l8. What is meant by " chemical equivalent " ? 
19, Compare a primary battery cell to an electrolytic cell. 
JO. How much energy ii required to produce the chemiiral action which occur* 
kn electrolytic cell? 1 

|M. Wh*l is the electrochemical equivalent of a substam 
■t, A gramme is what part of 
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33. Describe how oxygen and hydrogen can be aepaiHted from acidulated trater. 

24. Vlhy i» tbc balk uf hydrogen libi:rUed by the decomposing of water twice at 
great as the bulk o( .iivgcn liberated ? 

25. In decomposing water, how Dnuch more weight cf oxygen is liberated than of 
tiydrogen? Why? 

26. What is meaiii by the theoiy of electrolytic dissociation? 

a;. What did (.itotihuss do in the devcliipmcnt of the dissociation theory? 
When? 

28. Illustrate Crotthuss' conception of the action in a cell. 

19. Give a mechanical or electrical analogy to the action in a cell, as explained by 
Grotthusa (electric chimes). 

30. What is Qausius' hj-p'^lhcsis regarding electrolytic action? When did be 
advance it ? 

31. Has the electrolytic dissociation theory been proved ? 




CHAPTER VI 

THE NATURE AND PROPERTIES OF MAGNETISM 

6S. Hlatorical Facts Concerning Magnetism. ~ The true nature of 
magnetism seems to be very closely connected with that of electricity, 
wd It will probably not be exactly known till the exact nature of elec- 
tncity is determined. The word Magnet probably comes from the Greek 
"onl for the country of Magnesia, which is a small division of Ancient 
'"-rffce, where a deposit of magnetic iron ore or LodestODeB (also called 
''(dsiones) was known to the Greeks, 

Some of the properties of magnets were known long before the 
Chtisiian era. It is said that the Chinese used a device similar to the 
Wnpass to guide their way across the plains of Tarlary many centuries 
'"fcre the birth of Christ, but this is not probable. In Europe the use 
'' Ibc compass did not become general until the thirteenth century of 
"W Christian era. The attractive power which mngncls have for iron is 
"lentioned by many early writers : Plato, Euripides, and Tliales (the 
^ftk philosopher referred to in Article i), all speak of the lodestone 
^nugnet. Dr. Gilbert, who laid the foundation for our words "elec- 
''''^l"and "electricity," made a great many experiments with magnets 
"rf magnetic materials, and was the first to recognize that the earth is a 
Pwt magnet. 

B9. ArtifidAl and Natural Magnets. — Lumps of iron ore composed 
"' » certain oxide of iron which is called Magnetite or magnetic ore, 
•hen in a pure form, sometimes have the peculiar property of attracting 
f^tts of iron, and they are then called lodestones. The property held 
"fhe lodestone is calleil Magnetiam, and the body having the property 
"' oiagnetism is called a Magnet. 

The action of magnets led some of the earlier experimenters to look 
"Pon magnetism as due to a magnetic fluid, but this idea has been 
Vttned to be wrong. It is found that pieces of steel which touch a 
*^ton^ or other magnet, become magnets without any loss of the 
63 
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magnetic virtue from the original magnet, — wlikh would not be pos 
if tnagnelism were an ordinary fluid. Magnets made thus by touc 
are sometimes called Artificial Hag;nets, and lodeslones are c: 
Natural Magnets. When pieces of soft iron touch a magnet they 
become magnets, or are Magnetited, while in contact viith the mag 
but when separated from it the magnetism of the soft iron disappi 
This is called Temporary Magnetism, while ihe magnetism of hard ! 
which remains permanently is called Permanent Magnetism. 

TO. North and South Poles and the Magnetic Needle. — Wht 
magnet is suspended on a pivot or a thread, it sets itself ia.a directio 
as to point nearly north and south ; and in 
country, if it is pivoted at the centre, the n 
end dips down as though it were heavier 1 
the south end. A small elongated magnet 
suspended is called a Magnetic Needle (Fig. 
If a magnetic needle is turned from the di 
tion which it naturally lakes when free to ai 
horizontally on its pivot, it will at once ret 
"^'"'^eedie"^"""^ swinging to and fro until it settles down 11 

original position. 
The pole of a suspended needle which points to the north is ca 
the North Pole, and the other pole is called the South Pole. This 
dency of a magnetic needle to set itself north and 
south is the foundation of the compass, which essen- 
tially consists of a magnetic needle mounted over a 
dial. It is usual in compasses to counterbalance 
the needle, or pivot it so thai it will hang horizon- 
tally, but Dip Needles are sometimes constructed 
by mounting magnetic needles on horizontal pivots 
(Fig, 35), When 3 dip needle is turned north and 
south, in our country its north pole turns to a 
certain degree down toward the earth, as already 

explained. ^ _. „ 

•^ Fifi, 35. — Dip N< 

The north pole of a magnet is often called the 

Positive or Plus ( + ) Pole, ami the south pole is often called the V 

live or Minus ( — ) Pole. Since the north or positive pole turua I 
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74- Every Magnetic Body contaiaa Two Poles of Opposite Signs. — 
I, for cvtry pole induced in a piece of iron or steel, another 
equal pole is produced. For instance, if the north pole of a magnet 
13 touched to one end of a bar of iron, a south pole is induced in that 
cud and an equal north pole in the other end. %. If the two ends of 
*e iron bar are touched at once by the north poles of two equal mag- 
iicis, somh poles are induced in both ends of the bar. In this case an 
cxjrmnation of the bar with a magnetic needle shows that a north pole, 
™hich is equivalent to two poles, is produced near the centre of the bar, 
4nd thii polcJn the middle is called a Consequent Pole. 3. Again, if 
1 magnet is broken, it is found that each piece has two equal and 
■'['ixsite poles, 

^Ve are therefore justified in saying that for every magnet pole that 
' '"ti, there also exists in tlie same magnetic body an equal anil opposite 
'<'!'■ Tliis is quite similar to the existence along with every electric 
' 'i^ge of an equal and opposite charge, as is explained in Article 5. 

M^etic force acts through a vacuutn and through ail materials ex- 
-''lil Ibose in which magnetism may be induced, 

T5. Hagnetlc and Non-magnetic Hateiials. — Material in which mag- 
■-i;srD may be induced, and which is therefore attracted by a magnet, 
' ' 'hii Magnetic Material. Iron, in its various forms (such as wrought 
'ill cut iron, and steel), is the most strongly magnetic material known. 
' i'-'e are only a few other materials that are known to be magnetic. Ol 
' 't (he metals called nickel and cobalt are the commonest. Manganese, 
I'^unum, some of the salts of magnetic metals with their solutions, an 
W'gtD are more or less magnetic, though usually to a very slight degret 
All matcriab which are not quite strongly magnetic are usually spoken ol 
1 Von-magnetic, since they are nearly neutral as regards magnetism, 
W^gnctic materials are sometimes called Paramagnetic, and non-mag- 
"ftic materials are sometimes called Diamagnetlc, but these terms have 
''w additional scientific meanings which need not be discussed here. 

Whenci-er magnetic material is needed in the useful arts, iron in its 
'*rioas forms, such as cast iron, wrought iron, and steel, is almost exclu- 
*''tly used on account of its great magnetic qualities. In fact, other 
'"''eriils, except nickel and cobalt, may be considered to be practically 
'""fil when compared with iron. 
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^edc quality of nickel and cobalt by healing them is similar to the effect 
11 itUD, but these meials lose their magnetic quality at lower tempera- 
■■lA The reason for this curious effect is entirely unknown, but it is 
ijijiOied to come about through some actioti on the molecules of the 
iiileral. Some very curious results may be produced in the magnetic 
ruiiiitt of certain grades of nickel slee! and other steel alloys by heat- 
' i^andcpohog them. 
A& a magnet loses its magnetism so readily through handling, the 
■'isMhoe form is usually furnished with a kerper. The keeper is a 

■ '■'■xt of soft iron which may be placed acioss the poles of the magnet. 

■ 'fiij maltes a complete magnetic circuit for the magnetism, and tends to 

■ "lent iis destruction. 

^8' Coercive Force. — It is found that some materials are more 
"iiii!)' magnetized and demagnetized than others. It is well known, for 
"|"JCi«, ihjt soft iron is very readily magnetized, but loses almost all 
■ lis mi^netism if it is slightly jarred after the external magnetizing 
'■ -'ce is withdrawn. 

Hwd steel is usually more difficult lo magnetize, but it retains its 
■'■^netism quite strongly. Generally speaking, the harder the steel the 
■■'>'f difficult it is to magnetize, and the more strongly it retains its 
"g'ltlisin. We are driven, then, to the belief that there is some force 
' "opposes the magnetization of magnetic materials and also opposes 
' ■'" ilcaiagnctization. This force, which is supposed to hinder changes 
' ' "nsneiic strength or condition, is called Coercive Force, and it is 
"'■' '1 stronger in hard steel than in soft iron. The effect of the coer- 
'"■ Wre is counteracted -to some extent by anything thai is likely to 
■'^f the molecules vibrate, such as rougli handling, heating, etc. As 

■ '^ilready been said, heating to a red heat will cause a magnet to lose 
'' "fis magnetism, and a magnet which is dropped on the floor a few 
"'itt will lose much of its magnetism. 

'9. Satonition. — When a magnet is magnetized as strongly as pos- 
"•'< it is said to be Saturated, and when the magnetism has reached 
"■■ point it will generally grow weaker for a certain time after magnel- 
''•'■% if the magnetizing force is removed and ihe magnet is left alone, 
'tie magnetism finally becomes permanent in strength. Such perma- 
.111 magoets, which have lost the temporary magnetism due to satura- 
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tion, are very useful parts of many electrical 
coDSlant magnetic effect is important ; so that Aged magnets, as they , 
called, are regularly manufactured. They may be artificially aged 
immersing in steam for a considerable time. 

80. Distribution of Magnetism. — The ]>oles of a long bar magnet 1 
not entirely gathered at the ends, but extend some distance along 1 







[ ddes as indicated by the iron filings in Figure 39. If the bar is vi 
long and not made of homogeneous material, several consequent po 

I may appear (see Figure 40), much as would be the case if the bar wi 
made up of several magnets with their several like poles together. 



— Ptclux of Iron Fllinip (hnvinj thr Dixlnliuimn of Maeneiism about b 
MaCiict Willi I'u^ Conspqufnl Pdis. 

1 . ym lufe Muck or xheet of steel is touched at different places b 
■Ml pole. |H)le> will A|>]icar at the points touched. If a horaesl 
gm tl cl<a<'<) At (l^e iioles by a piece of irun (called a keeper) vi 
h«[ iIm inaKi'eiism will be evident, u will be explained later. 
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nwguttizing haid steel the surface only is likely to be much affected ; 
thwcibre, in making a permanent magnet having a large cross section, it 
is siii-iMble, as was suggested above, to fasten together a number of thin 
Such a magnet is said to be Laminated. 



QUESTIONS 



J I- Whil ii the ptobabl* d«tivali 

>< la obit ccDlury did Ihe use 1 
\ )■ Whuu>lDdestoDe> 

t- Whtt is magnetism? 
' J- ^'^iitTnagnet? 

& Wlut happens to a. piece of steel when it 

7. What happens to ■ piece uf M)(t irun whi 



if Ihe word magnet? 

e magnetic needle become osual? 



I 



uched li 



cc of lodeitone? 
■ piece of iodc- 



«■ Wlut is lemporary magntlism ? 
^ ^V)lU is permanent magnetism? 
^U. Willi is ■ magnetic needle? 

!• Whu potition does a magnelic needle take in America when allowed to 

ill (Urecliops? 

•■ Win Mc the enda of the magnetic needle respectively culled? 
\ Vhit k a compus ? A dip needle ? 

\ Wlut discovery did Columbus nuke ivith reference to the magnetic needle? 
\ If UlE north pole or a magnet is bnmghl near a magnetic noedle, what retulls? 

■ Iftwo south poles are brought near logelher, how will Ihcy act? 

Y Suit the law which magnet pales fulluw in their action upon one another. 

B magnetic induction? 
t "» piece of soft iron is brought near Ihe positive pole of a magnet, what kind 
■ Induced in the iron nearest Ihe magnet pole? 

■ "I15 will either pole of a magnelic needle be attracted to a soft piece of iron? 
P< (m I tin^e pi:ile exist alone ? 

What b a consequent pole ? 
^' ''nd the poles of a magnet be only at the ends of a steel bar? 
^ "hii materials will magnetic forces act through? 
>;. \VW uc Ihe known magnetic materials? 



'■ Wliati 



of p 



then 



« are bar magnets? Hor 



I "uie a numlMr of wayi by which a steel bar may be magnetised. 
\ "^t bow much should a well made steel magnet lift? 
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12. If ■ magnet be itrack by k baminei, whu is likely to happen? 

11, What happen! if a magnet is heated red-hot? 

34. Will a magnetic needle be attiacted by a piece of ted-hol ifonf 

35. What U a keeper? What is it for? 

36. What is coercive forte? 

3j. Which ii tlie harder lo magnetiic, soft iron ot Meel? 

ig, Which has the greater coercive force, soft iron 01 sleet? 

$1, What la MagnetiBm? — We do not know what magnetism is, but 
I we know a great deal aboul its effects (all of which ha^ been learned by- 
mcntD and experience), and we have theories about its real 
. Scientific theories, it must be remembered, are nothing more; 
1 «lirewd guesses at the secrets of nature, — the guesses being' 
FtkuH on the foundation of all that we know, — and these theories are 
' Iwing continually altered and improved as more facts are learned by; 
IKp^ricnce. The earliest theories which offered fairly complete expla- 
■ iifttloni uf tl)(^ various [ihcnomena of magnetism were outlined by Coulomli 
TfkftAr whom the unit quantity of electricity, the coulomb, was named)f 
lllbout tjl^S, nnd by Puissun i.a great mathematician of France), aboul 
IvSaii 'I'licy were followed by a host of others which return more ot 
K|lN tilUfitclory rettulls when jiut to the test of experiment. Since, intd 
|,;|Kimver mauy piece* a magnet may be broken, each piece shows a iioTtH 
i MUth pole, it h.is long been considered that magnetism is moleculaJ 
I Mture i that h, that the smallest particles or molecules, into whjcta 
) BMllBrlal can |tc Ihcotutically divided, are little magnets, each of 
t hM llH own north and south poles. So that the theories in re-< 
[) to Ihr nuiiiie of magnetism, that have been proposed from time U^ 
II luneil upon this Idea of " polariiation " in the molecules c4 
lattPlir iimlnidl. 

■|V (Ik'H nf <\Hilomb, which was iisctl and extended by PoissoD, 

Irtttlv^l til uu'l>'>ulc« OS coiiliiining e<iiiAl parts of two magnetic fluids, 

11 il," lit Mtiithem. »tid the other " Boreal," or northerly 

'■>«! to be efiiully mixed under onlinary conditioiu. 

I. . iilei wvtr brought within the influence of a magnC^ 

'iji|i\>«Ml lo »e)«nHe mm! occupy opposite halves oftbs 

lit pimliM'*' mnynet pi.>let at each end of the piece of 

IfMIko muictMt. litis Itieory had nuny faults. 



THE NATllRE AND PROPERTIES OF MAGNETISM 



soon replaced by one proposed by Amptre (another great Frenchman) 
»bout i8jo. In Ampere's theory, each molecule of magnetic material 
'- sijpposcd 10 be magnetized by an electric current which flows around 
When a bar of magnetic material is not magnetized, the molecules 
': 'Uiiposcd to be arranged haphazard, but in such order as to neulral- 
■^>. each other in external magnetic effect. When the material is placed 
new a magnet pole, the molecules are supposed to be swung around by 
in attraction or repulsion until their axes are approximately parallel and 
Hieir like poles all pointing one way. Experimental facts indicate that 
it is doubtful whether such an electric current can circulate about 
mlecules, and (here is no good reason to believe that it does, and 
ttui theory niay also be discarded. 

Uc iheory that is now generally accepted, and which seems to more 
nearly apply to the inie condition of the molecules, was first advanced 
^ Weber, about 1852, and was used by Maxwell in his profound mathe- 
:ii.i:jcal investigations. In this theory the molecules of magnetic matter 
■r«tpposed to be magnets by na/ure, that is, they are supposed lo have 
iii!rjl magnetic poles whicfi are just like those of ordinary magnets, but 

■ 'Uiirse ihey are very small ones ; and we therefore say that magnetic 
""nations between bits of magnetic material, whether they are large or 

■i-ilirc just as natural as (he attractions between bodies which we call 
■iiiinion. Now, when magnetic material is unmagnetized it is sup- 

■ -■'1 that the molecules are arranged in a haphazard manner, or in 

r.uanJ groups, so that they neutralize each other's external mag- 
■■"■ rflecis ; but when the material is subjected to the influence of 
-^etic force, the molecular magnets are all attracted around so that 
■"II poles point more ot less in 

' ame direction. In Figure f(^^~s'"'^%Sl5^J^'T£^'£r^£5s 
' 'he stasiW blocks may be taken LifdS'^''LJ J! V!!^Jf -SisT^^S 

"J'ighiy represent the mag- prc. 41, — 

' molecules very highly mag- ""''^ ^' 
■■fl, and all turned in the same 

cvnon 40 that the two ends of the bar are magnet poles. The 
'h repteseni ihe south poles and the light ends the north poles of the 
"Wlecule*. When the particles are arranged'with their like poles all 
poiiuiDj ux tjaa same direction as in the figure, it is seen ttul ti\& ^\ea 
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in the interior of the material are facing each other in pairs, north tl 

south, and must therefore "neutralize each other's effects, but urmeutra] 
ized poles exist at the ends of the material. 

82. Unit Magnet Pole, — In order to know the strength of a magnef 
sonie unit of measure must be used ; and so we say theoretically that if tw< 
small similar magnet poles placed exactly one centimeter {metric meas 
ure) apart repel or push each other with a force equal to what is calle( 
a Dyne, they are magnet poles of unit strength or Unit Poles. In speak 
ing of a unit pole in this way, it is supposed that the pole is in effco 
gathered at a mathematical point, while its accompanying pole of oppO' 
site sign on the same magnet is at such a distance as to be miaffected b] 
the attraction anil repulsion. The condition here described can neva 
be physically produced. 

83. Force exerted between Two Magnet Poles. — The actual f(xc< 
exerted between two magnets depends upon the strength of their polei 
and their distance apart. If it were possible to have two separate ma^ 
net poles of small size, as compared with their distance apart, the forcl 
exerted between them would be equal to tile product of the strengths ttj 
the poles Jivuled by the square of their distance apart. This i 
to the law of the force exerted between two small isolated bodies hold 
electric charges.' 

The condition required for the law of force to be fulfilled can only b 
gained by using poles of two very long, thin magnets. The force be: 
Iween two actual magnets as it may usually be measured does not folio* 
this law directly, because the poles arc of considerable size as comparer 
with their distance apart. Every small portion of the pole of one nu^ 
net exerts a force on every small portion of the pole of the other magned 
in accordance with the law ; and when alt these small forces are addei 
together the law is apparently changed, though it is based on the fiindJI 
mental one. 

There are certain similarities which may be perceived between tW 
actions of magnets and of chaiged bodies, but there are also raarko 
differences, so a close relationship is not evident. There is, howeve^ 
a remarkably close relationship between magnetism and current eI««S 
tricity, which will be described in a later chapter. 
' .\Tticle 11. 
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Bt Hagnetic Fields. — Any open space in which ihere is magnetism 
lad consequently magnetic force, is called a Magnetic Field or a Uag- 
oetk Field of Force. The magnitude or intensity of the magnetic force 
ii Jny point is called the Strengtli of the Field at that point. 

If an independent north pole could be plated in front of the north 
pile of a magnet, it would be repelled by the latier pole and be attracted 

the south pole of the magnet. This would cause the independent 

> 10 move away from the mngnel's north pole and towards its south 
'f'-\i, but as it moved it would continually change its relative distance 
&01H ihe two poles, and the relative magnitude of the forces exerted upon 
It by the two poles would vary. The direction of the motion of the inde- 
p«nilrat pole would depend upon the relative direction and magnitude -m 

I 'nc forces which the two poles of the magnet exerted on it a 
"111- The actual path would be a 

rved line very much hke the line 

'■'' m Figure 42. An independent 

nH pole Hould move in an opposite 
■■'i^^ajon, of c 



;, but over a similar 




^^ already explained, it is impossible 
' hie an independent magnet pole, 

'■' for this experiment the companion pole may be sufficiently 

■ "oved to satisfactorily show the action. 

' shallow glass dish containing a little water may be placed over 

■Vnct (Fig. 43). By properly sticking a magnetized sewing-needle 

in a cork, it may be floated 

upon the waler in a vertical 

position with one of its poles 

close to the bottom of the 

dish. Then the upper pole 

will be so much farther away 

from the magnet than the 

lower one that the latter will 

^ iSecied by the force due to the magnet almost as would an inde- 

Mitm pole. If the tower pole of the needle is a north pole, it will 

J*^ to move through the water, when placed in front of ihe i\oitk yAe 
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of (he magnet, in a curved line away from the north pole and tcy 
the south pole. If the lower pole of the needle is a south pot 
will tend to move from the south pole toward the north pole. 
is exactly as already explained for an independent magnet pole, 
experiment here outlined, and which may be so readily tried, is i 
striking when the magnet is a strong electromagnet such as will 
explained later, because the force (acting on the itoating needle to n 
it) is then greater. 

The direction of the force at different points of the magnetic 
which is around a magnet may be shown by another simple experin 
A sheet of paper may be laid over the magnet and iron filings s 
over it Now if the paper is lightly tapped the filings will am 
themselves in curved lines like those shown in Figure 39, all of w 
converge toward the two poles. If the figure were sufficiently lar, 
would be approxinialely shown that every line which starts out from 
pole finds its way round to the other pole. The lines of iron filings 
be easily fixed in position if the paper is paraffined before using i' 
simply passing the fiame of & Bunsen gas burner over it. This sol 
the paraffine and the bits of iron stick fast. 

A magnetic field exists all around a magnet exactly like that whii 
shown by these experiments in one plane. This may be proved 
hanging a short magnetized sewing-needle on a light thread and bi 
ing it near a magnet (Fig. 
The needle will take a posi 
at every point so that its di 
tion is tangent to the direc 
which a line of iron filings w 
take at the same point. 
reason for the needle taking 
M^neir. t;dd'"a^undTMa^eT'''"''' POsition is because its north ] 
tends to go one way and its s( 
pole the other, so that the needle turns around until the pull on 
two poles is in a direct line through the length of the needle. ' 
iron filings used in the experiment descrilved above, are nothing n 
than little magnets created by induction, and they take up their post 
/or the same reason that the needle does. 
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Ii mu9( be remembered that in all cases of attraction or repulsion 
■i'jeen two boilies fhe /urce exerted is mutual, and Hiker bedy will be 
•>.-Mij not leo firmly fixed. This is true whatever be the cause of the 
force, u for instance, electrification, magnetism, gravity, muscular force, 
or lay otiier cause. The fact that the action is mutual may be proved 
by placing a bit of iron on a cork floating in water and presenting a 
iraill magnet to it. The iron will be attracted by the magnet and the 
roik will be moved through the water by the furce of the attraction. 
No* if ihc magnet is piaced upon the cork and the iron is brought near 
it, the attraction between the magnet and the iron wilt again move the 
oxk. Finally, if the iron and the magnet are placed on separate corks, 
iHe cotks will move toward each other. This shows that ^t force is 
ntual, and it is also possible to show that the /«// en the iron is always 
tqtaiHe Ike fiuU on the magnet. 

BS. Lines of Magnetic Force. — A convenient way of looking upon a 
■■i«"«ic field is to consi<ler it a space which is more or less filled with 
■■' of magnetic force. The strength of field may be represented by 
■ii'- number of Lines of Force to the square centimeter (metric 
i"f«ure). Then, if the strength of the field be such, for instance, that 
pole when placed in it experiences a force of ten dynes, or units 
of furce, we may consider the field as having ten lines of force per 
centimeter. These lines of force no more actually exist than do 
sbeam lines, or lines of flow, exist in water which is flowing 
n a tub, but the idea based on this assumed existence is a very 
and practical one. The directions of the lines of force are traced 
•W by the iron filings as shown in Figure 39, or the path of travel of the 
"WKKed free magnet pole shown in Figure 41. 

Position wbicli a Magnet tenda to take in a Magnetic Field. — 
■ ^ *hai we have learned from the mutual action of magnets, we can 
I 1 >ee that when .i magnet is placed in a magnetic field it apparently 
■rt|il 10 set itself in such a direction that its own lines of force, where 
^^^nit within its ix>dy, are parallel with the lines of force of the ex- 
^^R field. The effect is exactly as Ihaugh lines of force tend to turn 
^^^ifA'cr io as to be parallel with each other and in the same direction. 
^- Unit Magiic^ Field. — The theoretical method of measuring 
'■'- ilftnglh of a magnetic field is by determining the force which it 
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exerts upon a unit magnet pole. A unit field is one which pushes uj 
a uml pole with a force of one unit called a dyne. The force exerted 
» magnet pole in a magnetic field depends upon the strength of the p 
and the number of lines of force for every square centimeter of i 
field. 

iniform field is one which pushes upon a pole equally at all poii 
A unit field is conceived to have one line of force for each square cei 
meter, but it must be remembered that this arrangement is a pur 
hypothetical and theoretical conception. 

Magnetic Density and Flux. — The magnetic density in i 
magnet or uiagnetic field is the number of Unes of force passing ihroi 
each square centimeier or square inch of cross section. When a mi 
netic field is not uniform, the density varies at different points, but u 
nniform field the density is the same everywhere. This use of the te 
"density" is not quite like that to which we are ordinarily accustomi 
but the meaning need not be misunderstood on thai account, and 1 
phrase Magnetic Density is a very satisfactory one. 

The Magnetism or Magnetic Flux is the total number of lines of foi 
passing through the magnet or the part of a field considered. For 
stance, in any particular magnet, the magnetic density in the magnet 
lumber of lines of force passing through each square centimeter 
ross section, while the flux in the magnet is the total number 
lines passing through its entire cross section. 

I. Magnetomotive Force. — There is evidently some H^;iie 
■nre or liiffeifiu-e of ma^netie level between the two poles of a nK 
et, which tends to set up the lines of force between the Iwo potr 
rhis is called DtSerence of Magnetic Potential or Magnetomotive Foi 
f better, Magnetic Pressure. An analogy is seen in the electrical ] 
tential which is explained in Chapter III. The stronger a magnet is, i 
ttmnger is the magnetic pressure between its poles, and the greater 
e work required to push an independent north pole of given strenj 
1 the south lo the north pole of the magnet. The difference 
letic potential or the magnetomotive force between the poles of 
»et, is measured by the work required to push a unit north pole fr 
nrth to the north end of the magnet, — just as a mechanical pot' 
"he»d " may be measured by the work required in pushing aj 
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90. TeirestTul Magnetism.' — In Article 70 it is stated that the 
north pole of a magnetic needle lends to point toward the north and 
also dips down somewhat towards the earth if permitted to do so. This 
mdiMtes that the earth itself acts like a great magnet having its negative 
nugnelic pole somewhere near the region of the geographical north pole. 
The earth's magnetic poles are probably of large surface and irregular, 
)Uii is is often relatively the case in an iron magnet, and these are not 
exittly at the geographical poles. And so a magnetic needle will not 
foini exactly north and south. This difference from a true north and 
wh position is called the Declinatioo of the magnetic needle, and it 
vines from place to place. 'I'hc amount the needle dips from the hori- 
ionial is called the Incliaation, and it is zero near the magnetic equator 
JnJiunefy degrees directly over the earth's magnetic pole. The strength 
■1 ihe earth's magnetic field at any place is called its Intensity. 

F-icii of these ■' elements " of the earth's magnetism varies from place 
* [ilace on the earth's surface, and in addition to thai varies more or 
Its* regularly from year to year, as though tiie earth's magnetic strength 
ruled and the positions of its poles moved. The gradual chaiige of 
'^; magnetic declination as time goes on changes the compass " bear- 
!'■;'" »hich determine property lines in land surveying, and surveyors 
"Jii carefully keep this in mind when they undertake to seek out 
'"iiion lines which are described in old deeds by their " bearings." 

Various local disturbances may cause local variations of the compass, 
" inai it docs not point in the proper direction. VVherever iron-bear- 
H tficks and sands are plentiful, these local variations are Hkely to 
"''II'; and what are called magnetic storms also cause temporary 
■;!itiirbanccs of compasses, but the effects of these usually pass away 
■"'■[ J few days. The cause of magnetic storms is unknown, though it 
■^trns to be connected in some way with great disturbances in the solar 

'' is interesting to know that Columbus made the discovery that the 
'"^aetic declination differed at different places, when on his first 
"oyage m America." Before that time it had been supposed that the 
tompjss needle everywhere pointed lo the same spot, though it was 
'<"j»n to deviate from the true north. The discovery that the declina- 
'Allo tec Article 71. ' Article jr. 
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CHAPTER VII 

c- c^— ; - .-.• -.TTS O^r THE FLOW OF ELECTRICITY: 

.::v-^i L.VW 

U ^*^*rt^v^:I^.r^ — 'V^ v-:*- ry experience that the amount 

-v ir;.:ir i":r:-zh a pipe depends upon the si 

•^ -^i-T :: :r- A'.jc. -r. r»o pipes of the same size, 

^ ■ - ■ - -ii. "i ,17. .i :-.e j:her d smooth one, we knowth. 

. . -: — '-JTv: .':' the wjier. Although electricil 

■:■ '.»::* :er. ::> ::ow ar»d that of water is in man 

;• ;■::- . ::v :> .^l^j known by experience to b 

- . •> ::" :>.o cond::ctor and the material fror 

-. . ..!--..■. ty :r..iy l>e considered to flow throug 

^^ , X - ■ :'"i v\"r.v.iv.c:or. so that any resisting actioi 

: -v.*.:^:..i'. :r.>:ead oi l>eing a " skin " or frictioi 

. -.:; r ::. \r-.r.^ in a pipe. The relative power 

.\ "././.v'::r.^ electricity are called their Con 

'**'*'* . ,- - \\:'.\'h shows the comparative order of th< 

■ '* ' ^ . .• X — i:c7i.^:>. It is seen that the metals stant 

■ "■ ^ * ^ . : ; '^ - conducting power is so much bettei 

* ** ■ , > ; "."t wo ordinarily speak of them alone ai 

. ,\ o: Electrical Conductors. Amongst the 

•,0 ^ con^ii'er.ible dilTerence in conducting 

...> •.:: mct.ils or mixing them together geO" 

^^*- * ■■* * ^ / , .« «, , . :::^c ]'-\vor. The following table giv^ 

..^.* cv** '■"• v'/wi^ v.umN .^nvl common alloys in the ap- 

^^N' ■' * , .-\'.:i :!";: pi'VNcrs. The figures at the ngn' 

V ...- •'^' .:;N>'no\v I he avera£i;e relative conductinl 

,: V. ;'*ov> iMtKod composition, in percentage 
.. Ni iv.irc sihor. Pure silver and pure coppc 
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e with each oiher for place as the best conductor knowD, and no other 
xak apptoach them very closely. Aluminum is so very light in weight 
lat pare aluminum conrluctors have even less resistance than copper 
idaciars of equal length and weight ; but the relative conducting 
iwcrs or conductivities which are presented in the table refer lo con- 
s of eiLuoJ lengths and cross sections. 

, 100 AlumiDUm . . 55 Wrought Iron . . 16 Lead ... 8 
, 100 Zinc a8 Nickel 12 Cast Iron . 3 

. . 75 Platinum . . 17 Tin ti Mercury . i.G 

nm Silver made of z parts Platinum and i part Silver 6.4 

n Silver made of 5 J parts Copper, 2 parts Zinc, 2 } parK Nickel 3.5 

a Silver made of 6 parts Copper, aj^ parts Zinc, i^ pans Nickel 5. 

1 Sut^'cr made ofj parts Copper, ^i parts Zinc, i J parts Nickel 7.5 

e quality of a metal and the way in which it has been handled in 

nine of manufacture affect the conducting power lo a consid- 

B degree. Pure copper that comes from the ore of the Lake Supe- 

ipper mines or the Montana mines appears, as a rule, to have 

f higher conductivity than that coming from the Arizona mines. 

1 melfils (that is, metals which have been softened and tough- 

r properly cooling from a high temperature) generally have a 

f greater conductivity than hardened metals, and wrought metals 

■ Ohm's Law. — When water is forced through a pipe under press- 
-'rotn a pump or other source of pressure, the slream of water which 
> - is proportional to the pressure divided by the frictional resistance 
h Uie pipe presents to the flow of the water. In the same way, 
■\ 3 current of electricity flows through a wire under the pressure 
■■ .1 battery or other source of electricity, /Ae current which fioTVS in 
.in nit if tgual ti> the pressure iHvided hy the resistance of the circuit. 
.i.i/, relation l^eiwcen electric current, pressure, and resistance is called 
Oiun'B Law, after the name of the German scientist who first (in 1827) 
tally announced it. The relation representing Ohm's Law is often 
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C. £, and X stand for curreni, pressure, and lesistance. 
food [oral in which to commit the relation to memory. 

a as wntten may be read C equals £ divided by Jf. 
B the retatiun as «-riiten above it is evident, also, that £ equal» 
It, aad Ji cquab £ divided by C. Consequenily if any t 
Rc fundamental electrical quantities which exist in a circuit ^ 
e dunl can at once be calculated. Thus, if a 16 candle poql 
mt lamp is known lo take ^ an ampere when connected | 
k whkh furnishes current at a pressure of 1 10 volts, the resistai 
btup *hcn in operation may be calculated at once to be i 
i tty ), which gives the resistance as zzo ohms. 
, n« Ohm. — Ohm is the name of the unit in which electrical i 
I is ucauired, as pound is the n^me of the unit in which wcifl 

■["he word " ohm " is taken from the name of the Gei 
It l>. Ohm, who first set forth the law of electric flow a 
I Ain)>cr« <from the name of a great French scientist) is 
t ito wnU in which electric current is measured, as has alread 
fttntil in Article xi ; and volt (from the name of a great Italnl 
) fat ibr name of the unit in which electric pressure is measure! 
Mm ffvpkiurd in .Article 23. 

ft »t tnterntl ReBiBtance. — In the example given abov^ i 

( itut ihc source of electricity has sufficient capacity 1 

I luvusmre at the lamp terminals when current is flowi 

Sometimes this is not the case on acci 

) ifuitnd in the source itself, or the Internal Resiata 

A •Imilar condition is frequently met when a pump 

( htwe. When the hose nozzle is partly closed, 

I ft Ulflc pressure ; but when the nozzle is opened, 1 

S»\w the pump does not have sufficient capacity | 

<(hl lo determine the current that will flow throogV 
Itfivc from a source of current that has an ; 
Ml I1 '* (necessary lo add up the resistances of all [ 
" f iHnkilig the calculation. For instance, if Iwo C 
k tfVhiK II pressure of 1.1 volts, and each having ^ 
I Vf 1 ohms, arc connected in scries with an c 



? cntrorrs asd the wot 



Mitof i.Solims resislance, iben the total resistance in Ihe circuit is 

a J plus 2.S, or S.8, and the pressure wliith acts tb cause current 

feiAnrthniugb the circuit is 1.3 volts. The current flowing under these 



""''"!™P"=(''=f "4 = 8^ 



is 

ise 

i 



r to ohoii resistance has a preisure of 20 volts impreucd upon its 
irrent will flow ^ ^iii, 2 amperes, 
L Wb«t i* the hot (ctiMBDCc of > Ump rilament which uses .5 of an ampere at 

i U ■ taUcry cell sets up at lis terminals a pressure of 2 vulti when oD open clr- 
Jl^eU b it» inlcmal reliatonce, if the pressure, mcuareil bi-twccn the lerminalB, 
■le l| Tolts when 1 amperes are flowing? (Aid: J volt is used in fuicicg the 
KlboDKh the lell.) ■-''i]. J ohtns. 

I A binp Qament has a hot resistance of 6 ohms, and requires 1 ampere to 
■ h (0 proper incxnJcKence. Huw many bBller)' cr:lls in series, having an open 
' i viilla and an internal [csislante of J ohm each, will be required 
ig Ihe lamp? Am. 4 cells. 
|i Hew much prcaturc il ][cnerated hy a bntlcry which has an internal resistance 
I, if wbeii il is short-circuited by a wire of negligible resistance a current of 
nflowi? jIhs. i6vu1u. 
fUAi cells of Esaniple E are in series and generate 2 volu each, what resist- 
di cell ? yfni. I ohm. 

■tain piece of wire has an " insulation resistance " measured through the 
xvriiiig between the cundnctor and ihe gronnd of 300,000 ohms; how 
ITC would cause a current of nne thousandth uS an ampere to teak from 
500 voltL 

C If a ballery nf five gravily cells, each of which gives a pressure of t ,08 volt*. 
il nrsiltance of 4 ohms, is connected in series with an external reuit- 
p*f 7 ohms, what LUnent Bows through the circuit ? yJns, -^ amperes. 

V wila which respeclively give pressures of 1.8 volts and 1.08 volts ate 
Id B circuit in opposition (that is, with their poles connected so that they 
A cnrrenli in opposite directions), and a current of .4 amperes flows, how 
•Dt will flow if the cells are connected to the same circuit property in 
tilT Jiu, 1.6 amperes. 

i. Tlie Standerd of Resiatance. — The resistance to the flow of water 

inigh a pipe, as sard before, is a surface or " skin " friction effect, and 

'''pwids upon the velocity with which Ihe water ftowa, the Twimbei aM 



.^^^M.f'* 




r » q«jie different from thi| 
I the metal itom which tb( 
:, IB length, and itt 



^^tr lit greater is lis eltetrie^ 
a « rrsiitanee; and the ion^ 
■^h^t^mmmr, amd Atre/ore the greaUr is iq 
:>a^ tt sAmmt c)iiiiijncal wires are prc4 
« aw JaiMlnit 4nd consequently the coa> 
WBi tf «9ai feaph are dtrecily proportloDU 
i^HBs. X^K aikes the resistance of similai 
K ^^Qivs «f tk« dumeters. For instance, u 
, « SMBKse <i ooe ohm, the resistance of 4 
•■pk fes af nice the diameter is only onoi 
K 4pHr «C no 6 foui- 1 

tar of tbc ohm is based upon thil 
kdepods simply upon the nattire cxl 
c cs kogth, and the inverse of ill 
isK of an the elecrrical units wffTl 
hcU in Chiengo in August, i8(> J 
nut ohm equal to fM 
>T wiifh is io6j centimeters ^nyj 
.-Wai4K4 (VHlaiiu 14.4521 gramm^ 
^ .-Mf y wr/rffff (>^. This gives to tn 
4if MT sqoarv tnillimeter (metric s>^ 
as called the Intetnationol Ohm, Cj 



s adopted at previous el — , 

vdifbliT fivni the international ob^ 

_ MfeltBl kinds of quart measures diflf* 

i 4k feMiks 00 arithmetic. It is general! 

« >f tke Chicago Electrical Congcd 

«A •ever be changed. The units ^ 

^ •**• b* the same in all countries 

« use*! ia c<»minon measurement^ 

it device to 




ELECTRIC CIRCUITS AND THE FLOW OF ELECTRICITY 

siandaid resistances made of mercury are not used in ordinary measure- 
innils of electrical resistance, but coils of German silver wire, or other 
"ires of high resistance, are used. These coils are carefviUy adjusted in 
lesaliiice to a desirable number of ohms, and they can then be used 
in the measurement of the resistance of any conductor by methods 
which will be explained on later pages. Mercury resistances are used 
only in weli-equipped scientific laboratories to determine the real resist- 
ucK of the common wire Resistance CoUb. 

98. The Standard of Current. — Before the Chicago Electrical Con- 
;;hs was held, the fundamental definition of the ampere had usually 

tL^n based upon the electromagnetic effects of currents; but at that 
' 'iipesi a definition was adopted which is based on the electro- 

"iiiital effects of currents, which are explained in Chapter V. The 
Initnutional Ampere as thus defined is the steady current which 
'■'-I'mH silver at the rate of .001 1 18 grammes per second from a solu- 
'■fiii of silver nitrate in water, the solution being of a given fixed strength 
'"■ <:iisure tegular action. 

^'fjsiu-eraents of electrical currents in practical tests are more fre- 

ifQlly made by means of instruments depending upon the magnetic 
"Hicia (if the currents than according to the means indicated in the 
Wniiinn of the ampere. Methods of measurement based on the 
ochemical effects of currents are very valuable for determining 
H the indications of electromagnetic instruments are correcL 
f-,Tte Standard of Pressure. — In order that the fixed relation 

ented by Ohm's Uw f Current = ^js^nce) =*>^"''°'«'™i'^**^ 

, the International Volt as defined by the Chicago Con- 

s the pressure which causes a current of one ampere to flow 

a resistance of one ohm. 

!■ Meet of Temperature on the Resistance of MateHals. — Reference 

liready been made to the effect of temperature on the resistance of 

The resistance of most metals increases as the temperature 

jt but in the case of a few alloys the resistance fills very slightly as 

TOperalure increases. The resistance of carbon falls quite rapidly 

K temperature rises, and this fall is sufficiently great to reduce the 

icnsistance, or Hot Resistance, of an incandescent lamp filament 



if 
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he u3l 



ly about one-half the resistance which it has when at the 
.'iimoiiiihcric temperature. The resistance of liquids and of most insu- 
Idtlng m.nterials, as far as they are measuriiblc, also decreases as the ■ 
icinpcraiure rises. This decrease is so marked in some insulating 
materials (such as glass, for Instance) that they actually become con — 
ductors when they are healed red-hot or when they are melted. Th^ 
operation of the new " Nernst lamps " depends upon this characteristic— 

The resistance of most pure melats seems to change at approximatel>^^ 
the same rate ; namely, about .4 of i per cent per degree of the centi — 
grade thermometer scale, or .22 of i per cent per degree of th^ 
Fahrenheit thermorneler scale. {One degree of the centigrade scale is 
equal to I of a degree of the I'ahreiiheit scale.) This is a fairly accu- 
rate value of the Temperature Coefficient of ordinary copper. A change 
of .4 of I per cent per centigrade degree means a change of i per cent: 
in resistance up or down for every al degrees centigrade when the lem— 
peralute varies up or down. This is also nearly equivalent 10 i per cent 
for every 4.5 degrees of the Fahrenheit or common thermometer scale. 

The temperature coefficient of alloys depends very much upon the ' 
composition of the mixture. In general, German silver may be taken I 
tn have a temperature coefficient about one-tenth as great as that of 
I nppcr. The temperature coefficients of the alloys, whose comparative | 
lonductivitics are given in the first part of this chapter, are compared , 
liclow with that of copper ; — 



I'lMinuin Silver 
' ;cniiRn Silver ' 
Uenn«n Silver' 
neriton Silver ■ 



'Hie two columns of figures in this table show the approximate tem- 
perature coefficients of the metals expressed as the percentage cbaagea I 
of rcKiitADce per degree centigrade and Fahrenheit. 
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QUESTIONS 

re the coDductivity of an electrical co 



3 Ihe comJuctivily c 



^' Wliu caect hu the tlloying of metals upon Ibeir conductivity ? 
.;. Wlut Mie the relative cuniluclivitict o( copper, ivrought iron, tine, ncre^ 
"■: Qfmu silver compared with silver? 
f Il<n> doc* annealing affect the conductivity of metals? 
;. ViliatisOhiD'tLan? 
6. W^enwasOlira'8 Law advanced? 
T- Caigpire Ibe iclationsshown in Ohm'i Law luthose of water Howing (htoufl 

^ Mat is an ohm? 

1. Aftei wham vere the uhm, ampere, and vo!t named ? 

'a Haliallery is connected to an electric lamp, what effect upon the pressure SI ^ 
-rl la Ih: lunp have the connecting wires and the internal resistance of the balttf 

'I Will elements determine the resistance of a wire? 
1^ IMiit elect has the cross section upon Ihe resistance of a 
ij. WTittt effect h»s length upon the resistance of n wire? 
'4' Why are the resisiuiccs of cylindrical wires of like m 
■i'liiml lo the squares uf their diamelen? 
';■ Wh»t effect hu temperature upon the resistance of most i 
ii^ Dehne the international ohm. 

)'. Wlienand where was the international ohm adopted? 
>& How tic MaJidards of resitlance made? 
>?■ Define ihe intematioaal sjnpcre. 

x^ (At irhat principle do current measuring instruments usually depend ? 
:i- hdiBe Ihe international volt. 
"■ Vfhjt n the rough reUtiun between the hot and cold resistances of a carbon 



tali inversely j: 









e of liquids and intuiatora? 
reasc for each Jegrcc 



-J. \Vtiil effect, ortlinaiily. has 

t- Alwoi how much does the i 

Irtix in temperalarc? 

'S' ibiiyt ho* many degrees Fah 

"iW( irf copper by one pet cent? 

-■" ViTm is a temperature coeflicient? 

'7- i)o pure metali have the same or different temperature coefBcienls? 

'^ Aboal what a the temperature coellicieDt of Gennan silver compared with 



renhcit change In lempcratuie will change U 



"■ Tie Ctrciilsr Mil. ^ In the praclical measurement of wiies it is 
^ to iue feet in measuring the length and Ciictiiar Mils in measur- 
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where R is the resistance in ohms, X the resistance of a mil foot (which 
is ia5 ohms for copper at. a temperature of 75° F.), L the length in 
feet, and cm. the circular mils in the cross section. 

Now, suppose we wish to find the resistance of a copper wire 1000 
feet long and 50,000 cm. in cross section, the following expression will 
Rnit from the above reasoning : — 

R = 10.5 = .21, 

•^ 50000 

^ the resistance of the given wire is .21 of an ohm. 

I Tlie specific resistance of conductors varies greatly, as will be seen 

hfieferring to the table in Article 91, where the relative conductivities 

of various metals are given. The specific resistance of any of the 

Ottterials given in the table may be found by comparing with that of 

c<?)per. For instance, if it is desired to find the specific resistance 

of lead in mil feet, we would divide 100 by 8, which equals 12.5, and 

nraltiply this by 10.5 (the resistance of a mil foot of copper), which 

shows that the value sought is 131.25 ohms. 

PROBLEMS 

A, What is the resistance at ordinary temperature of a copper wire 2500 ft. long 
and having a cross section of 10,500 circular mils? Ans, 2.5 ohms. 

B. Suppose it is desired to have a copper wire of .5 ohms resistance and 2000 
ft long; what must be its cross section? Afis, 42,000 circular mils. 

C If it is required to transmit 10 amperes over a copper wire 1000 ft. long with 5 
roJts applied at its terminals, that is, 5 volts drop, what must be the cross section of 
be wire? (Aid: apply Ohm's Law to Bnd the resistance required and then pro- 
ved as in Example B,) Ans, 21,000 circular mils. 

D. What pressure is required to force a current of 50 amperes over a copper wire 
60b ft. long which has a cross section of 20,000 circular mils? Ans. 42 volts. 

E. Make a table of the specific resistances of the materials represented in the 
ible of relative conductivities in Article 91. 

/\, If two copper wires of equal length have resistances of 4 and 9 ohms, respec- 
vely* and the diameter of the Brst is \ inches, what is the diameter of the other? 
ns. iV inches. 

G. If the resistance of a coil of wire is found to be 105 ohms, and a piece of the 
ime wire, which is 10 ft. long, has a resistance of 1.5 ohms, how many feet of wire 
in the coil? Ans. 700 ft. ^ 



ELECTRICITY AND MAGNETISM 

lOa. Circoita in Series. — When the current passes around its circuit 

a single path, the path is termed a Series Circuit. The path may be 

made up of different mate- 

, -. rials which are of various di- 

I - — ^ I mensions, but the resistance 

ef the whole is the sum ef 
the resistances of all At 
parts. Thus, suppose we 
° have a circuit like that shown 

FlO. 4S.-ll)ust™.ron of a Series Circuit cm- ; p; ^^ ^ is a 

posed of a Bailcry, Conducting Wifes, nnd " ^^ 

an Incandesceni Lamp. battery of large cells havii^ 

a resistance of .5 of an ohm, 
^ is a small incandescent lamp having a carbon fjlament of 5 ohms 
resistance, and C and D are connecting wires having resistances of .1 
and ,a ohms respectively. The total resistance of the circuit is the 
sum of these, or .5 + 5 + .1 + .1 = 5.8 ohms. 

Tlie same condition exists when water flows through pipes. Thus, 
suppose in Figure 46 that A, B, and C are three pipes of diffei 




Fig. 46. — Hydraulic Analogue of S*i 



sizes connected in series for drawing water from a tank. Evidently th« 
separate resistances to the flow of the water introduced by these differ- [ 
ent pipes must be added together to get the total frictional resistance I 
from the tank to the valve. In the illustration, the tanks and pump ] 
also form parts of the circuit, and, therefore, if (he total resistance c 
the circuit is desired, the resistances of these parts must be added t 
those of the pipes. 
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PROBLEMS 



I. WImI pcesiue will be required ti 






Ehap flimmi of ii 






or \ an ohm, conducting u 
. 204, volts. 



uf I J ohms, I 



S. Vihn pimure mint be supplied toa line of copper wire which is 400 fl. long 
lal t»9 I cross lectiun or 100,000 circular mils, in order that 200 smpeics may be 
ODol l" pas through U in series with sa electrolytic vat which has au apparent 
liMliu.f of -Oj uhms? Am. 144 vol Is. 

C A djsaiDO supplies 1 10 volts to a copper wire circuit 400 ft long which has 
a aat section of 1100 circular mils. This circuit supplies ft limp which colls for 
Icvruu of 3 Amperes. What is the hoc resistance of the lamp filament? j^ni, 

P. Tm 9 ampere arc lamps, cnch rsquiring 45 volls 
copper wire having a total length of 5000 fl. a 



ected ii 



section of 10,000 
■^i. The circuit also cunlains a dynamo artnaluie of 5 ohms and a dynamo 
ai{B(t cml of 3 ohms resistance. What is thu total pressure rei^uired to keep 
t uapai» floniog through ihc circuit? ,-)nj. 569I volts. 

!03. ClrculU in Parallel. — // huo wires are connecttd in paraOet 
it is, so that a current divides between thein, as shown in Fig. 47), 
■if ft&is.'ing in fach is equal to the pressure hehveen their (ommon 
't JiviiUii by their individual resistances. For instance, if the 





■ wires have resistances of 4 and 6 ohms respectively, and the press- 

|, bctweea their terminals (the points A and B, Fig. 47) is \i 

>, (he aitreat flowing through the first wire is J^ = 3 amperes, and 

iit through the second is y = a amperes. 

We have alwafJv scea that the current whicli flows thtotigb. vik^ 
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resistance on account of a fixed pressure is inversely proportional to the 
resistance. This is shown by Ohm*s Law. Accordingly, the currents 
flowing through the two wires of the previous example should be in the 
proportion of \ and ^. This is true, since 3 is ^ of 12 and 2 is |- of 12. 
The total current flowing through the circuit containing the two wires 
in parallel is evidently 2 plus 3, or 5 amperes. Since the pressure caus- 
ing these 5 amperes to flow through the wires is 1 2 volts, the resistance 
of the circuit between A and B, or the Joint Resistance of the two 
wires in parallel, must be ^, or 2.4 ohms. This may be conveniently 




B 




Fig. 48. — Hydraulic Analogue of Branched Circuit 

calculated directly from the conductivities, which, it will be remembered, 
are reciprocal or inverse to the resistances.* The conductivity of the 
first wire is therefore \ and that of the second is J. 

The joint capacity of two or more pipes which deliver water between 
two tanks is equal to the capacities of all the separate pipes added 
together. Thus suppose in Figure 48, A, B and C are three pipes con- 
necting the two tanks. Evidently more water will flow through two 
pipes in a given time than through one alone, and still more will flow 
through three pipes ; hence as pipes are added between the tanks the 
resistance to the flow of water is decreased, that is to say, the conduc- 
tivity is increased. The capacities of the pipes for carrying water, that 
is their conductivities, must therefore be added together to get the total 
conductivity for the flow of water from the higher tank to the lower one. 

1 Article 23. 
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ilf ilso say what means exactly the same thing, though it is put in 
!>[Ierent words, when we say that ihe reciprocals of the individual pipe 
wbtances must be added to give the joint conductivity of all together. 
Vs ihis sum gives the combined conductivity of all the pipes, its recipro- 
'■il "ill be ihe combined resistance. 

In Ihe same way the joint conducting power of electric circuits which 
iif connected in parallel, or Divided drcuhs as they are often called, is 
■fw/ la the conducting powers of th( parts adiied together. The joint- 

nmiucling power or conductivity in the previous example is therefore \ 
"'■''= l.OT j^. The resistance of the divided circuit is the inverse of this, 
i(;jthb equal to y, or 1.4, as previously calculated. 

This shows that simply adding together the resistances of the indi- 
'^liial parts of a circuit will not always give the total resistance of the 
■••'-'■ii'L In fact, such an addition gives the total resistance only when 
jil ibe individual resistances belong to parts of the circuit v/hich are 
■T.inied in series. 

■\ little consideration of what precedes will show that when two wires 
''f^uitl resistance are connected in parallel, their joint resistance is fust 
jj,/ ai great as the resistance of either wire. If three wires of equal 
" ■litance are connected in parallel, their joint resistance is just one- 
■I'lil as great as the resistance of one of the conductors, and so on. If 
'^'- sires of equal resistance were connected in series instead of parallel, 
■ I* reastances would be two, three, and so on, times as great as a single 
''■f. A simple rule for calculating the joint resistance when only two 
"■'« are connected in parallel, is to multiply together the individual 
''iistances of the wires and divide this product by the sum of the indi- 
■I'iiia] resistaiices. This comes directly from the laws of the electric 
"Tent and the resistances of divided circuits, as explained above, 
■'" It is generally simpler where there are more than two branches in 
I -rillei, to consider the conductivities when calculating the joint resist- 
-f'-« of parallel circuits, in the way that has also been explained above. 



*■ Soppofc ID electric battery U coiiQecltd to an external circuit o( two parallel 
■"■"^la. one of these hnving a resistance uf 20 ohmi, anfl the olhcr > resiitance of 
f' otmu^ vhit propottioii of the total current flows through each tuanch ? Ahj. ] 
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on account of a fixed pressure is inversely proportional to the 
resistance. This is shown by Ohm's Law. Accordingly, the currents 
flowing through the two wires of the previous example should be in the 
proportion of ^ and j. This is true, since 3 is J of 1 3 and j is ^ of i). 
The total current flowing through the circuit containing ihe two wires 
In parallel is evidently 2 plus 3, or 5 amperes. Since the pressure cauS" 
ing these 5 amperes to flow through the wires is ra volts, ihe resistance 
of the circuit between A and B, or the Joint Resistance of the two 
wires in parallel, must be ^, or z.4 ohms. This may be convenientlj 



Fig. 48.— Hydraulic Analogue of Branched Circuil. 

Icnlated directly from the conductivities, which, it will be remembered, 
B reciprocal or inverse to Ihe resistances.' The conductivity of tho 

e is therefore J and that of the second is \. 
The joint capacity of two or more pipes which deliver water between 
two tanks is equal to the capacities of all the separate pipes added 
together. Thus suppose in Figure 48, A, B and C are three pipes co(*- 
necting the two tanks. Evidently more water will flow through vn^ 
pipes in a given time than through one alone, and still more will flo* 
through three pipes ; hence as pipes are added between the 
resistance to ihe flow of water is decreased, that is to say, 
tivity is increased. The capacities of the pipes for car---' 
is their conductivities, must therefore be added t 
conductivity for the flow of water from the h 
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B. What ii the teaislaace of a series circuit m&de up of tlie fiilloving rcsiManca i 
U pftrt, 4 ohmt; zd part, z ohms: jd pari. ■} ahms; ami what would be the jaiol 
BUitance if ihe parts were Joined b parallel ? Ans. yj ohms, and j ohms. 

C. Four parallel circuits of I, I, 4, and 5 ohms resistance, reipecttvetf, have ao 
vulls impressed upun their terminaU. What is the total current that flows? Ani. 39 
amperes, lluw much cuirenl flcu's through each braoch? Ah:, zo, 10, j, 4. 

D. What U the juinl cDiiduclivity of three parallel branches which have re^)Oc- 
tively 4, 5, ant! zo ohms resistance? Ahi. \. What is Ihe joint resistance? Atii, 

E. What is the joini resistance of four parallel branches which have respectivdy 
1, 4, 5, and 10 ohms resistance? Ans. \ ohms. 

F. If the resistance of a wire is 4 ohms, what must be the resistance of another, 
which wbeo put in parallel with it makes the joint resistance 3 ohms? Ahs. ti ohmi. 

G. The joint parallel resistance of live wires, each of the same resistance, ii 5 
obms, what is the resistance of each of the wires? Anr. 25 ohms. 
I //. What is the joint tesiilance of four wires in parallel which have resistance^ 
Lieipectiveij', of }, \, I, and j*] of an ohm? jins. 2'j ohms. 

I /. What is the joinl resistance of three circuits in parallel which have respectivelr 
miitancea of 1, .5 (= \ ), -z (= j) ohms? Am. .izs (= J} ohms. 

/. If ten similar incandescent lamps, connected in parallel at an electrolier, haTe 

a joint resistance of 20 ohms, what is the resistance of each lamp? Ans. zoo ohini. 

X. Three copper circuite in parallel supply a building with 300 amperes to nm 

ki'decttic lamps. The wires composing the circuits arc, respectively, of 73,000, loj/no^ 

120,000 circular mils cross section and 1000 feet long. If the satisfactory optt- 

n of the lamps requires 100 volts at their terminals, how many volts must bd 

Hnpressed upon the wires? (Aid: Add the circular mils together and compute llie 

stance; then lind the volts lost in the wires.) Aas. 1 10.5 volts. 
I /.. There Uc fuur incandescent lamps of different sizes, placed in paiallel upon a 
These have respective resistances of tCW, 150, 100, and 300 ohms. What 
tots] current passes through this group of lamps, when 100 volts is applied at its ter- 
minals? Ans. Z.5 amperes. 

At. A copper wire with a cross section of 105,000 circular mils, 600 ft. in lengtbi 
was used for transmitting a current of 100 amperes between two building*. The 
current was afterward increased to Ijo amperes and a second wire added in paiatlel 
with Ihe lirsc of such size that the drop of pressure in the circuit was the Same ■• 
before. Of what cross section was the second wire? (Aid: The total wire croM 
aection must be increased in proportion to the increase of current.) Ans. 52,500. 

M Ten battery cells of i volts pressure and 1 ohm internal resistance each 
are connected in parallel and short circuited by a wire of negligible resislaocc. What 
is the current that flows through the short circuit wire ? .4ns. xo amperes. 

O. Four insulated telegraph wires have a common terminal connected to one 
terminal of a 10 volt battery. The other terminal of the battery is connected to the 
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I 

^^^K. If the iiuuUlmg misUnce of the wires from [he »rth sre respectively 

^^^■PE>, 300,000, 250,000, and t,ooo,ooo ohms, how many thousandths ut nn anipere 

^^^tfcage corrcnt will Bow between tlie wires and earth' .-Ins. .40 milliampercs. 

P. A bore imumiuion line 'a suppoHed by 500 glass inautalors each of which his 

on a ceiuic day an iiuulation mistancc of 5,000,0^0 ohms. What is the iniulatlon 

tnistaoice of the litie? .4ni. 10,000 ohms. 

Q. A cenain telegraph wire, 50 raiUi long, has an insulation resistance to earth 
of 40,000 bhm>. How much current (in thousandths of amperes) will leak to earth 
wbm a battery of 30, l\ vull battery cells are connected in series between the line 
aa^ the earth? .■Ini. .6 milliBiiiperes. 

1(K. Series and Parallel Circuits Combined. — Circuits are sometimes 

spoken of as Simple Circuits when the parts are all in series, and 

Brached, Compouod, or Derived Circuits, when the parts are in parallel, 

illi;! connection is sometimes called connection in multiple or 

-iiltiple Arc. 

, 1 lie lota! resistance of a circuit made up ai farts lonnetted in series is 
itqiwl U3 ihe ium of the individual resistances of all the parli} The total 
J/reustince of a circuit made up of 
/urtt tonneeted in paralUl is etjual 
10 1*^ reciprocal of Ike total con- 
iiilrpiiy of the circuit, and the total 
uiJuctivity is equal to the sum of 
lit indixndual condueHvities of the 
ftrts* 

When part of the total circuit is 
nude up of conductors in parallel 
n it necessary to first calculate the 
jiMtn reiisiance of that pan and 
■hen add that to the resistance of 
tlw remainder of the circuit which 
B in jeries »-ith the branched por- 
Ikn. It is easily seen that the 
jtinl resistance of conductors in 
t^raUtl is equal to the resistance 
' a single conductor with whUK 



^H 







' Article iw- 



' Article loj. 
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> t/uy might be replaced without changing the total resistance of the circuit, 
[ A circuit which contains a portion composed of two conductors in 
parallel is shown in Fig- 
ure 49. Suppose that the 
resistances in ohms of 
the difTerent parts are ai 
marked, then the total 
resistance of the circuit b 
12 ohms. If the pressure 
developed by each of the 
two cells which are repre- 
sented by the usual sign, 
||, is 1.3 volts, the current 
flowing through the circuit 



(T^"^^"^^ 



ai 



*, 



2 amperes. 



Fig. so. - H/draulic AnaloBu 
cuitllliutratcdm Fig. 49 (1 
in (he analogy lakes Ihe | 
wry). 



it Ihc Compound Cir- 
iiung the pump, which 
ce of Ihe elettric bsi- 



This would be analogOVi 
to a system of water pip' 
ing between two tanks at 
seen in Figure 50. Ill 
this case the resistance of B and C, formed by taking the reciprocal of 1 
the sum of (heir conductivities, must be added to the resistance 
A to get the total pipe resistance between the tanks. 



teof 2 ohms 
□ panllel which are of 4 



PROBLEMS 



innectcd in leries with a group of three wfl 
OS rcsislBuce, respectively. What is the tC| 
tesittancc? Am. 4 ohms. 

B. A copper wire aoo ft. long ani! 10,50a circular mils in cron section hi 
leries with two paraltel wires 400 ft. long. One of the latter wires has » Cfli 
icctioD of 7000 circular mils, and the other a cross section of 14,000 circnhr nj 
What lithe resistance of the circuit ? Ans. .4 ohma. 

C. A group of wires io parallel, of j an^! 6 ohma resistance, respectively, it cn 
nccted in series with another group of three wires in parallel, with t, 3, and 6 ok 
roisUDce. respectively. If the conductor by meani of which the two grot^M I 
connected in series ht* a cesistance of 1.5 ohms, what is the total 
4r9Iein? jtns. 3J ohms. 
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D. Tone edit which give a pressure of 1.5 volts and have an inttriiBi resiM«ncc 
: : ubm*, Mcb, ate connected In parallel. Tile cells supply currenl lu a circoil oF 
in iilun loisUDce. What current Hows? Am. I J ampere. 

£. If the baiteiy ut Example ^ is connected in two parallel s«ts of two celU in 
-■irt|*i»l cuneDt fluwi? Am. if ampervs. 

F. We have %h battery cells of 1 voltt pretxure and a ohms internal lesislaoce 
-i^ How sboU they be connected to get the greatest current through a 3 ohm cir- 
jil ? {.luj /h crdtr thai the largtsi tttrrent may bi camiii lo Jlew thrau^ a 
■ -.'iidl kj * giviH Humier of battery ceils ; cr a given currtnt may it caused te JImo 
■I lit im^J/iil number ej celli ,• Ai celli must be grouped so thai the iHttmai 
nMttvi b/ At balliry U as nearly at fmiible equal te til exlemal reiiilance in 
*W ntnal. Tktrtfurt. greuf the eelli so thai ike eslernel resistance is as nearly at 
4i tfaal te j ek'Hi.) Am. Two parallel sets of three cells in scries. 
C. A building has ten etectric lire-ilarTn betU, each of 10 ohms retiilancc, con- 
■ict«d b piEsUel. If ihcie betU ai:t as oidinary resistances and the connecting wires 
at of negligible icBitance, what is ttie least nuoilier of z-voll battery cells, having an 
lijtante of i ohnu, that would be rccjuircd to send .2 of an ampere through 
[ hA bell i (Aid : Kead aid to Example /'', and group cells so thai internal and 
e as nearly as possible e<|ual.J Ans. S; 4 parallel sets of 

coDducItns to a group of ^5 incandescent lamps are ot.i ohms resistance. 
bai > hot leiistance of 200 ohms and requires .5 of an ampere for its opet- 

:he total pressure re>|uired ? Ans. 102.5 volts. 

which delivers 500 amperes at a pressure of 20 volts is to be used 

o electrolytic vats, each of which requires 100 amperes at 

of 5 volts. How shall the vats be connected up ? Ahs. 5 parallel lets 




e tach, connected in parallel. The ci 

S m 400 feet long (total). What iue 

n dcHrers its current at a pressure of m 

le cntrent through the wire.) Am. 21 

» tncuidescent lampi in parallel, of \ : 

d by • storage battery. The battery < 

internal resistance of .0037 

i if e«ch cell is not to discharge 

electric battery of 20 volti 
is conoeclcd to two external 
e baring > rcsiatance of 20 nhmi and thi 
It Bows through the battery and hov 
Aiu. I, |, and \ amperes. 



incandescent lamps of 7ix> ohms hot 
Jl.per wires from the dynamo to the 

must the conducting wire be if the 
□ volts? (Aid: 10 volts are left for 
1,000 circular mils. 

imperes and loo volts each, arc to be 
cells have an open circuit pressure 
of an ohm each. How many ceils 

over 40 amperes? Ans. 5 parallel 

open circuit pressure and 6) ohms 
branches which are in parallel, one 
other a resistance of 40 ohms-, how 
' much through each of the extemtl 
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105. Shnnts. — When one wire is connected in parallel with anoth< 
it is often called a Shunt, because it switches ofT or Shunts a part of tl: 
current from the other wire. The wire to which a shunt is attached 
said to be Shunted. Special shunts put up in boxes are frequently used t 
protect electrical instruments which are required for electrical measure 
mentSy their, purpose being to shunt a known part of the current aroun 
the instruments when the currents are so great that the instrumeni 
might be injured if the total current passed through them. 

106. Fall of Pressure along a Circuit. — Since Ohm's Law shows ths 
the electrical pressure between two points in a circuit is equal to th 
current flowing in the circuit multiplied by the resistance of the part c 
the circuit between the points, we may say that the pressure along > 
wire falls or " drops " in proportion to the resistance passed over. Thus 
suppose the terminals of a copper wire of uniform cross section and n 
feet long are connected to the poles of an electric battery furnishinj 
a pressure of two volts. Now, since equal lengths of the uniform wir 
may be considered as having equal resistances and all parts of the wir 
carry the same current, the electrical pressure measured between th 
middle of the wire and one end must be equal to the pressure measure 
between the middle and the other end, and this must also be equal t 
one volt or one-half the total pressure measured between the ends of th 
wire. In the same way the pressure measured across (that is, the " dro] 
of pressure "in) any portion of the wire bears the same proportion to th 
tivo volts' total pressure as the length of the portion bears to the whoi 
length of the wire. 

If one end of the wire, while still connected to the batter}', is con 
nected to the ground (by attaching to a water or gas pipe) it may be con 
sidered as being a zero pressure ; then the other end of the wire is at ai 
actual pressure of two volts. (The difference of pressure between th( 
two ends of the wire was considered before without taking into accoun 
their actual pressures. The same thing is often done in considering th( 
flow of water or gas through a pipe.) The middle of the wire is now a 
a pressure of one volt, while 2\ feet (or one- quarter the length of th< 
wire) from the higher end the pressure is \\ volts, and 7 J feet (or three 
quarters of the length of the wire) from the upper end the pressure is \ 
volt (see Fig. 51). 
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■ the wire were not of a uniform cross section, 
IlIereDt parts of different metals, the 
id DO longer be the 

The pressures 

ross the 

i of the wire 

I no longer be 

proportional 

tthe lengths of the 

I, but iTOuld be p,c, 5, _ iitusiraiion of F..II of Pressure along a Wir= of 
frlionai to their Uniform Resisiance. 

, as before, 

. General Law for Fall of Potential in a Circuit. — This general 

le may therefore be written as a result of Ohm's Law: Ike electrical 

t a/ftig a conductor through winch a given current flows, /alls 

ftfyas the resisiance passed over. The same rule holrls in the case 

li or water flowing through a pipe. Suppose it requires 10 pounds 

\m to cause 500 gallons of water to flow per minute through a 

straight pipe 200 feel long. If the pipe is cut in half, 5 

pressure is suffirient 10 pass the same amount of water 

I either half. If pressure gauges are attached with proper 

) the pipe at intervals of 20 feet, each gauge will show 

Ssure of one pound less than the preceding one, when taken in the 

a of the current. This shows that the pressure falls directly as 

:UEtance passed over as in the case of the electric current. 



PROBLEMS 

.' A copper wire of unifoTni liic 100 feet long and of 10 ohms result 
TiTirclcd [o the lenninala of ■ 20 veil battFrjr of negligible tnternBl rcgii 
I' tlir nc^tive terminal uf the battery 11 considered lo be at lao potential, v 
'^( potential of the wiie at each successive 10 foot mark, measured from the in 
<»c lenninal? Ans. 2, 4, 6, 8, 10, 12, etc, voiis, 

S. Tbree wires of 2, 6, and % ohms resistances are connected in series between 4 
Imulmli of a tHLttery which gives a terminal pressure uf j volts when so 1 
^V)l>I ii ihc pres&ure between either battery terminal and the wire joints? AnS, ■ 
°' '75, md 1 ot I volts. 



p 



sjmucrrY and magnoism 



A laHery cell give* I. 



1 



CI Open circuit, ukl has an latenul [csuunce 
wbst n-ill tbe tcnniiu] pressDte of the cell UU m »cimudI o[ the dro|V 
picttute ID (he «!1 ititli, »heii ■ cuirenl of ,i unperc flow»? .■/■J. To l.I vulll. 

il. Ten 40 volt, id ampere Umpi ue cunnected io seiiei, with 1000 feet <*^ 
cuppet wue bctaeen eat:h pair of lamps. The vire ha* a ciua section of lo.jc^' 
cinnlar miU. If the ontiiJe teiminal uf the bat lamp is at a pretnue of 5 nJtV 
what it the pteKiue at the fonhet termina] of each lamp! Ant. 55, 105, ijj, elCi 

E, A magnet coil of i ohms resistance is mppUed with cnrrest through a wire d 
I ohm fesiltance. The cun-enl ii supplied bj a battery of ten battery cells in 
•Mb of which has an inceroal reaiilani:e of .2 of an ahm and giTes 2 volli pranie 
«■ op«D drcuil- What is the pressure between the termmals of the coil? (Aid: 
The reqnircil pressure is f of so volts.) Ahi. S volts, 

F. ll is desired to shunt the 1000 obm coil of a galtanometet 10 that when it ii 
i:<>ntiec1ed into a circait only ) of tbe conent in tbe circuit wilt pass throogb (hi* coS. 
^^tlJ^ b the resistance uf the shant? 

' ~. t( a uniform Hite 3> feel long measures 1 ohm, what is the fait oT p 

. i.HiI when I ampere ilosts through it, and also when 2 ■mpetes flow thmoghit? 

- A 'nd i^ vults. 

QUESTIONS 
•^ "iftMl ii ■ mil ? 
jvX \Miat is a circular mil? 

i\. Ilutt many circular mils are there in a round wire 50 mil* In duunetet 7 
', > \i\M. must be the iliamctet of « wire, io mik, id order that it may bavij 
» tectiun ui 4tx>ciicuUi mils? 

, Wli«Ii.«n.il(™i? 

, What \* ipccinc roittuice? 

, Wkkl b Ihr numerical value of the ^>ecific reustance of copper? 

. IttkVlpKiltc Ttststance of iron erealer or less than tliat of copper? 

, Warn May the resistance of* Kopfet wire be calculated? 

k YrtWlWatrtiescircQil? 

I Ww Ml •xmnipie of a series circuit. 

L Hwv !■ I'm ■''tol rc*)*tMi(c of a series dtcni^ nade 19 of ■ number of pait^ 

A* 

L WImI an cirrails in parallel? 
[ VAU I* )>'Jn< rruslance? 
\ Wta M« ilivliled citcuils? 

jf the lotal current io a 
e known? 



r \i(f% (Hay iht )>'tal resistaace of two paiaQel wiit* be (band if the individBd 

JIUkV* httovra? 

I VlMtk^ raclprocal of the lesislance of a wire? 
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47' ^ tdding the individual resistances of wires in parallel give the joint resist- 
ance? 

4& Wluu will adding the condactivities of wires in parallel give? 

^ What will the reciprocal of the combined conductivity of wires in parallel 
five? 

y^ How do you know that the joint resistance of five wires in parallel, each 
^ ' oho resirtance, is one-fifth of an ohm? 

5'* What are simple circuits? Compound and divided circuits? Multiple or 
■w't^ arc circuits? 
52> How can you find the resistance of a compound circuit? 
53* If t wire of ^ ohm is connected in series with two parallel wires each having 
aresiitance of i ohm, what is the total resistance? 
54- What are shunts? 

SS' How does the potential or pressure fall along a uniform wire? 
56. What does the fall of pressure depend upon in a wire made up of several pieces 
of diflereot sizes and different materials? 
57. Give a water-pipe analogy to electric fall of potential- 



CHAPTER VIII 



ilCAL ENERGY, HEATING EFFECTS OF ELECTRIC CURRENTS, 

AND MISCELLANEOUS EFFECTS OF ELECTRIC CURRENTS 

[ 108, Electric Work and its Unit of Measurement. — When one cou- 

ttib of electricity is passed through a wire under the pressure of one 
, a certain amount of work is done, exacdy as another certain 
mount of work is done when a gallon of water is raised a loot in height 
jf means of a pump. In the case of the water the work done is meas- 
ured in Foot Pounds. A foot found means an amount of work which, it 
done when a force equivalent to one pound's weight has caused a 6ady l» 
move through a distance of one foot. If one lifts a pound of sugar or 
other material through a vertical distance of one fool, he has caused the 
movement by the exertion of a force equivalent to one pound's weight, 
and therefore has done one foot pound of work. 

In order to determine the foot pounds of work done in pumping water, 
the pressure under which the water is pumped must be converted into its 
equivalent feet of Head and the quantity of water must be given in pounds. 
The weight of a gallon of water is about 8J pounds. Consequently, if 
one gallon of water is passed through a pipe under a pressure which ie 
equivalent to one foot of Head, about 8^ foot pounds of work are done 
(ix8i = 8i). 

When one coulomb of electricity is passed through a wire under a 
pressure of one \'olt, the amount of work done is called one Joule, after 
the name of Joule, a great English scientist and engineer. 

109. Power and its Unit of Measurement. — As a general thing we do 
not care to pump a single gallon of water through a pipe, but we wish to 
pump a given number of gallons per minute. In this case for each gallon 
passed per minute througli the pipe under a pressure which is equivalent 
to the head of one foot, about 8^ foot pounds of work luust be 
104 



ereiT mututc. Suppose 

pounds) of water per minu 

work required lo do this is 

Tfu rate <tt whUk work 



WORK AND POWER lOJ 

it is desired to pump 120 gallons (1000 
ite through a pipe under a head of 33 feet, the 
33,000 foot pounds per minute, 
is done, that is, the amount done in a given 



' : me, such as a loinute, is called Power. Mechanical power is ordinarily 
;. tided into units called Horae Power. A horse power is equal to $$ ,000 
foot-pouniis of work done per minute, so that in the last example exactly 
oDe hor^e power is required to move the water. 

The horse-power hour is frequently used as a unit of work. It b the 
amount of work done by a horse power working for one hour, and is 
equal to 1,980,000 foot pounds (33,000 x 60 = 1,980,000). 

'I'he horse power of a waterfall is calculated in a way which is similar 
to the preceding examples. Suppose a stream discharges 480 gallons, 
ur 4000 pounds of water per minute, over a fall 35 feet high, the power 
cithc water is 100,000 foot pounds (100,000 = 25 x 4000) per minute, 
0[ a little over three horse power. 

The horse power of steam engines is also calculated in a similar man- 
Mi- For instance, in an engine which is supplied with steam that 
OWs an average pressure on the piston of 40 pounds per square inch 
•loi^the whole stroke, and the piston of which has a surface of 100 
"liiire inches, the total pressure exerted by the steam on the piston is 
4000 pounds. If the stroke of the engine is i foot, the piston moves 
' SMt per revolution, and consequently the steam exerts 8000 foot 
pounds of work (8000 = 2 x 4000) in each revolution. If the engine 
150 revolutions per minute, the work done by the steam is 
'.Wo.ooo foot pounds (2,000,000 = 250 X 8000) per minute, or just a 
""It more than 60 horse power. This is called the indicated horse 
f^ of the engine. Most of it is available for driving machinery, but 
I "portion is used in overcoming the friction of the engine itself. 

110. The Watt. —We have already explained in this chapter that when 
'*oulomb of electricity is sent through a wire under a pressure of one 
'^ nn amount of work is done which is called a joule ; we have also 
"Plaintd in Article 23, that a current of one ampere is a current which 
^^fWyjone coulomb per second. Consequently when a current of one 
""Ptfe is passed through a wire under a pressme of one volt, the 
« of work done is equal to one joule per sepond. This represents 
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a certain amoam of power which is called a Watt, after James Watt, a 

great English engineer, and inventor of the modem steam engine. 

The poircT represented by one watt b equal to one seven hundred and 

'-sixth part of a boi% power, or there arc ^46 OMitts in a kane 

In tipeaking of the power of electrical machinety, it has become 

itomar^ to use the electrical term " watt," and for a larger and 

frequently more convenient unit the Kilowatt is used. This is equal to 

1000 watts, or about x\ horse power. 

When a steady electric current flows through a circuit, the power used 

the circuit is equal to ihe current rou|[iplie<l by the total pressure 

lusing the current to flow ; that is, the power in waits is equai to thi 

\eurrent in amperes multiplied by the pressure in volts, or />= C 'A B. 

Part of this power may be used in causing electrochemical action (by 

charging a storage battery, for instance), or it may be used in driving 

machinery through the medium of an electric motor; but some of the 

power is always i(5ed in overcoming the resistance of the wires which 

convey the current. This is somewhat similar to the use of some of the 

indicated power of a steam engine in oveicoming the friction of the 

;ine itself. 

PROBLEMS 
:iiulurobi of elcclrieity ate passed through an eleelrolylic vat tach lec- 
I, undei 9. pressure of 6 vulu. Haw many joules of wiirk are ciipcDdcc] in U 

Am. 43,200.000. 

If 3730 walls are expeniled in a titiuil. how many horse power are beinc 

^velopcd? Am. 5, \ 

If 10 hofie power uf mechaiiical energy were converted into electrical eneigj ! 

lany wfttis wuuld be ileveloped? Ans. 7460, \ 

too horte puwer etpended cDDtinaously for une fauuc will prodace how inanj I 

lowatt hourt (kiluwatt working for one hour)? Am. 74.6 kilowatt hours. 

£. In example A how many hone power are heing used? Ahs. t6 (appniK,), J 

P, Ho* many foot pounds of work will be eipended in a minute by a current 

373 amperes flowing under a pressure of 30 volts? Ans. J30.000. 

G. A 2j horse power engine drives a itynamo. If the dynamo gives out 80 pv 

Dl of the power supplied to il, what number of kilowatts does it develop? .^MUU 

itnr weighing 1000 pounHs is to be lifted at the rate of 198 ft, pit ; 
.u.u...^. ,. ,.,.. driving motor delivers 75 per cent of the electrical energy it recdw% . 
how many kilowatts must be supplied to the motor? Am. S.96S. ^J 

i. ^ ■ 
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/. A cnirent of ij ampeies Haws thriiugh a circuit under a piesiuce of 100 voltsi • 
wh»t ii ihe power f Am. 2500 w»tts. 

/, If 100 walls ate eipended in a circuit by a current of 5 amperes, what b the 
prtsnn required to drive the current through the wire ? Am. la volls. ■ 

K, If 100 incaadeiceDt lamps, using loo volts each, are connected ua Afty 
[anllcl seta of two lamps in series, and if ihey use « total of ; kilowatts, what ii 
Ihc current iiseti by each lamp ? Ans. .5 ampere. 

111. Conservation of Energy. — When mechanical energy is used in 
OTercoming friction or other forms of resistance, ;V is nut lost, liiil U eon- 
UTtfd inlj an ei]uwalfnt amount of heat which is anolher form of energy, 
A general law may be stale<i thus : Energy (that is, the tapabiliiy of doing 
woik) is neper destroyed, but it may he transformed from one form into 
tiiolker. This is called the Law of the Conservation of Energy. 

ft'hen energy is iransforaied from one form to another, as when 
mechanical power is changed to electrical power or thu reverse, there is 
shrays some loss of the amount of useful energy. This apparently lost 
energy has not been destroyed, however, but has been converted into 
heat. For instance, when the mechanical power conveyed by a run- 
ning belt is changed by means of a dynamo of satisfactory size into 
tlectrical power, about 10 per cent of the available energy is Itfst. 
Th»t is, the electrical energy delivered by the dynamo is about 10 per 
«nl less than the mechanical energy which is given to the dynamo. 
Ktitrgy has not been destroyed by this process, but the difference has 
two converted into heat in overcoming the friction of the dynamo 
'"Mings, the resistance of the wire windings of the dynamo, and in 
other ways. A dynamo which is in operation is always found to be 
wnner than the surrounding air, which indicates that some of the 
*Mrgy delivered to the dynamo has been changed into heat thai goes 
lo warm the machine. The practical usefulness of this portion of the 
-iiErgy which has been converted into heat is lost, but the energy itself 
'■ not destroyed. 

'U. Power used in oTercoming Electrical Resistance. — The power 
>riich is used in overcoming the electrical resistance of a wire when a 
■"■'Wnt is passed through it is converted into heat which warms the wire, 
^'it heat produced is proportional to the number of watts expended in 
■^iuiing the electric current to flow through the resistance of the wire ; 
^ this b equal to the difference of pressure at the terminals of the 
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c multiplied by the curreni flowing in it (P=CxS), provided a 
f power expended in that part of the circuit is used in heating the 
te. 
I According to Ohm's Law, pressure is equal to current times resist- 

£ = C/i. 

Conscvuicntly C times £ is equal to C times C *, or C squared times 
R, Hence fhf povxr required to ot'ereome the resistance of a wire is 
wiat li> the square of the current multiplied by the resistance or 



LBy OKoiii substituting according to Ohm's Law, it may be shown that 
I )K>#iir loit in a wire is also equal to the pressure squared divided by 
IrwilMince, or 

■owar U In every case given in watts, provided the current is given in 
MfH nnd Ihe resistance is given in ohms or the pressure in volts. 

• tho portion of the available electrical power of a circuit which it 
I In hoaliiiif the conductors is equal to the current squared times the 
g of the conductors, it is often spoken of as the C squartd R ' ] 



PROBLEMS 
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inperei ii paucd througb a teiUtiiQce of 5 obms. How m 
siting Ihe wire? ^rj. 13,500. 

I.iin|i rri|iiire» .6 of »n ampere of current. The rcsislancc of 
How minj' WBtU ate itciuired for it? ^«j. 72. 
Kul 4U tlllll» reilllancc lint hu a curreni of 6 amperes a.nd then ■ current 
U|lhmi|th It. I{uw many timci greater a the beating effect of the 
lUhMwf the former? Jhs. 9. 

f 1(^100 (IrcuUr mils in crou section ind 1050 feet long carriet 
hat must be the crou section of an aluminum wire of the 
K||f MX" furrviit with the same loss? Atu. 19,090 cir. milt. 

>tl f kllnwalt* are wasted upon a copper wire 1000 feet long 1 

iTiik^ilM^M liH|*i«M*>l iip"" 111 lerniinab. How Urge is the wire? (Pint, 

)%*mi* *ln hf lllini'a Law anil then the croaa section.) /fni. JiiSDO ' 



THE CALORIE 

E Cenefil » npplied to a gcoup uf 50 incatufescert lamps, connected in pBrallel, ' 
ach hitinj a misiancc of iSo ohms, Ihiuugli a wire uf .4 of an ohm [«istancc, 
What pcrccDt of the total power i% lust in the wire? (Aiil ; FinJ resistance of lamps; 
■\'- lusj wUi be proportional to teiislance.) Ant, 10 per cent. 

a. If to kituwatts are transmilleil over a wire of certain rcBislance and at a pressure 
.:' luoiolt), what prcsture will lie lequired to tranamit the same povirt at j as much 

■ -■-> m the Hire? (Aid! 'Ihe lu» in a wire varies inversely as the square of liie 

■ :^uie,) Am. 200 Volts. 

//, If il tequirei a wire of 5(x»,ooo circular mils cross section to tranimil 100 
l<"itt> it a picssuie uf too volts over a wire 15,000 ft. lung at a required luss, how 
'-iJi^'- > wire «ill he rcqliired to transmit the same power at 1000 volts ptessuic 
■ i!i tilt lamc eipenditure of energy ? (Aid : The cross sections of the wires vary 
i^'^Klf u the squares uf Ihe pressures.) .ini. 5000 cir. mils. 

I. ]]uw far can 100 kilowalts be traDsmiltcd over a copper wire having a resistance 
' '»S of an ohm per 100 ft. with a loss of 10 kilowatts in the wire, at too, 500, 
"■c,udto.oao volts, respectively? (Aid; ?'ind the current and then the loss per too 
'' Invide Ihe l<]ss in watu per too ft. into 10,000 (>.;. 10 kilowatts), ami the result 
'ill l« the DUmher of hundreds of feet.) Am. 200, 5000, zo,ooo, and 2,000,000 ft. 

/. Tho Leclanche cells are connected in series in opposition lu a third one. The 
I "sine of each cell is 1.5 volts, and its resistance 5 ohms. If the free terminals of 
'" ^n« cells are connected together by a wire of negligible resistance, hoiv much 
''-•a i> Wng ejipended in the resistance of Ihe cells? (Aid; Take the iliflercnce 
"1 lit two opposing pressures.) Am. .15 watts. 

X. lltcn IjOj vuII Daniell cells are connected in series ina circuit with seven 1.5 
*^ Ucknche celb connected in uppusiliun to them, how much work will be done 
fcO^circnil? Atu. None. 

i- A l^clanche cell has at a certain instant an internal resistance of 8 ohms, a 
'•'prasureof 1,7 volts, anj a cuunter pressure, due to pularizatiun, of .5 of a volt. 
"*''!! is connected to an exlertial circuit nf 8 ohms resistance. What power is il 
•"'1 1.-. the external circuit? Aiu. .045 walls. 

113. The Calorie and ita Relation to the Joule. — Il is possible to 
'iwre an electric current by the beat produced when il is pas^eiJ 
' ' "'i^h 3. known resistance. This is usually done in an instrument 
'■-■'<\ i Calorimeter (Fig, 52), which is a vessel containing water or some 
'""liquid in which the resistance is immersed. The vessel usual])' is 
-''U'-'ic walled or arranged in some other way so that it will not lose 
■'-'- rapidly hy radiation into the air. k thermometer is immersed 
'' 'lie liijuid 10 determine its rise of temperature due to the heat given 
" troin the «ire. The amount of heat which is required to raise the 
hire of a gramme of water one degree of the centigrade scale 




112 ELECTRICITY AND MAGNETISM 

114. Temperature of Wire carrying Current. — The actual rise of 
temperature on the part of a wire when a current passes through it de- 
pends upon several things in addition to the amount of heat produced in 
it. A long, thick wire and a short, thin wire of the same material, and 
having the same resistance, will come to very different temperatures when 
equal currents are passed through them. If there is sufficient difference 
in their diameters, the thin wire may become red-hot on account of the 
passage of a current which is only sufficient to make the thick wiie 
appreciably warm. 

When a current passes through a wire, a certain amount of heat is 
produced during every second that the current flows. For a short time 
after the current is started, the wire rises in temperature, and finally 
reaches a certain fixed temperature. When the temperature becomes 
fixed it is evident upon a little thought that as much heat must leave tiu 
wire by Radiation to surrounding objects. Convection by air currents, or 
Conduction to objects touching the wire, as is produced by the flow of 
the current. If more heat is given to the wire than is carried off by 
these means, its temperature must rise ; and. if on account of a de- 
crease in the current the amount of heat given to the wire is less for a 
time than the amount given off, the temperature must fall until the two 
are equal again. 

The capability of a wire to get rid of heat by radiation and convection 
depends upon the color and condition of its surface, and also roughly 
upon the extent of the surface. The amount of heat which leaves any 
surface in a second also depends upon the number of degrees by which 
its temperature is higher than that of the air and surrounding objects. 
The amount of heat which is required to bring a wire to a given temper- 
ature also depends upon the capacity of the material for holding heat, or 
its Specific Heat, as it is called. Consequently the actual temperature 
to which any wire will rise when carrying a certain current can be ex- 
actly determined only by trying the experiment. 

115. Effect of Insulating Coverings. — The fact that the ability of a 
wire to emit heat is directly dependent upon the extent of its surface 
causes a wire with an ordinary insulating covering to remain cooler in 
the open air than a similar wire without the covering, though the two 
wires carry equal currents. 



HEATING EFFECT OF THE CURRENT 
PROBLEMS 

-f . How miich beat will be dcvelopnH in a wire hnving a 
MnT;iitof loamperct flows thiougti jl (or sn liour? Am, 
S. If . pound d( taiLjon vvill give oul jl8,ooo calories in 
ilnof worl can it do in healing? (Aid; Joulc= "-^1^ 



of .5 olimi if m 
J, 200 [salaries , 
s combustion, tiowm 
\ Ats. 950,000. 
obmi internal ic! 



C If ■ billet)' of 9 Dttuiell cclb of j,i volts pteMute and 1 
■ '!■ full, lie L'onneded up in three sets in parallel of thtec cells in gcriei, bow much 

I' will they, in one bouT, develop in a wire of 2 obma resistance? (Aid : Find ihe 

;j! prosoti anJ leabtance of the bttlifry and the current Ibat will flow; afterward 
-.'ill Joule'] Law.) /fm. 1400 calories (approx.). 

''. Can the cells in Example C be arranged to give beat to the wire at a higher 
■J^' An$. No. 

~. How many joules of work will be done in raising the temperature of 60O 
.i-inmej of water 24 degrees centigrade ? Am. 60,000. 

'. A bjtiery is connected to a wire coiled up in a calorimeter which «ontain» 

" B"™™" "Jf water. Tbe temperature of the water rises 10° C. in la minute*. 
II J of the hi-al is lost by radiation, how much power is supplied to the coil by tbe 
^07? (Aid: Watls = jouleB expended per second.) Atu. 50 walls. 

G. A curmit was passed through a coil of wire o( 1 ohm resistance in a calorim- 
w« anluning 400 grammes of water. The water rose 8 centigrade degrees in 
*''>pciiliirc ID 400 seconds. If \ of the heal was lost by radiation, how much cur- 
nwwifloiring? (Aid; Find the total calories } thenaolvefor CmA' = .24 C^^T.) 
^« ft( amperes. 

!!■ A current of 10 amperes beated ihe water of a calorimeter 5° C in jo minulei. 
'<i Jiliaaiiii current healed it an equal amuunl in 25 minutes. If the diflerence in 
" "Wi was negligible, whal was the strength of the second current? (Aid: The 
--; ofapeoditure of energy is inversely as the time.) Ans- S amperes. 

' Hd* Biui;h heal will an incandescent lamp of 200 ohms resistance and using 

linpefu, give off per hour? Aiis. 43,200 calories, 

' A copper wire has a current of 24 amperes passing through it, and the <liffereBce 
pi'Bare at iu lerminals is 10 volts when its temperalure is 75° F. How 

' 'I mere hral will be produced per second in the wire when carrying the same 
■■■■lUif ill temperature becomen laof F.? (Aid : 10 per cenl more pressure will be 
■' lathe second case us Ihe resistance of tbe wire increases I per cenLfor each 4.5° 
' ' -^ temperatttre.) Am. 5.76 calories. 

^ Tire horse power is used in an electrical cook stove. How much heat is gener- 

■I \v mtoutc? (Aid: One calorie = .24 watts for one second.) Am. S3,7ia 



If Ihe heat generated by the 1 
f' Jw pounds II feet per minuli 
' '7-9 (approa.). 



n a wire a equal to the power required 
^any calories are expended per second? 
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His discovery has been followed up by many scientists down to thi^ 
present day, and a vast array of facts has been determined relating to^ 
the effects of currents on living organisms. \ 

The researches of these scientists have shown that protoplasm^ whidtj 
is the fundamental basis of all living bodies, has the power of contractjM:^ 
when an electric current passes through it. Moreover, a living animil^ 
nerve is always excited to action by the passage through it of an electzk \ 
current from an external source. If the terminals of a battery cell ttt \ 
touched to the tongue, a peculiar taste may be noticed. This taste mi^ | 
also be caused by laying a copper and a silver coin upon the tongue *' 
with their edges touching. In this case a current is set up through the 
metals, the saliva of the mouth serving as the fluid. If the terminals of J 
a battery cell are touched to the temples, or placed so that the cuzrent 
flows from the forehead to the hand, flashes of light may sometimes be 
perceived, due to the excitation of the nerves of the eye by the currenti ■ 
In the same way the nerves of smell and hearing may be excited. 

When a sufficiently powerful electric current is passed through Ae 
ordinary nerves, a feeling of tickling, pricking, or pain may be observed. 
If the current is sufficiently strong, it may cause a very painful muscular 
contraction, and if excessive the current may cause death. The rousca* 
lar and nervous effect due to a strong current is ordinarily called a Shock. 
The severity of shock depends upon the amount of the electrical cunent 
which flows through the body, but it also depends largely upoti the 
physiological condition of the person who receives the shock. 

It has been found that electric currents naturally exist in the living 
muscles and nerves of animals, and that muscular exertion seems to 
cause them. These currents disappear with the death of the animal, 
which possibly shows that the electric currents have some function in 
the action of the nervous system. The capability of delivering quite a 
severe electric shock to marauders exists in certain animals — notably 
the Gymnotus, — but their means of producing the electric discharge has 
not been disclosed to man. 

The physiological action of electric currents gives a good basis for 
their use in the treatment of certain diseases, and they have been used 
with marked success in some cases. The electrolytic effects of steady 
battery currents may be used for redvicin^ sweUin^^ hardening tissues, 



THERMO-ELECTRIC EFFECTS 

iDJccling medicine through the sLcin, and other purposes. Rapidly 
illernating currents and high pressure static discharges have proved of 
service on account of their effect upon the nerve system. The use of 
tcauterj' blade heated by electricity has become quite common. The 
miniature electric light in combination with a proper system of mirrors 
ioi made it possible to examine many of the internal cavities of the 
body. It may be of interest to add that a great proportion of the elec- 
liODwdical appliances that are commonly advertised, such as electric 
Ms, magnetic brushes, etc., are not only absolutely useless, but in many 
!i->« harmful. Indeed, electric treatment should never be applied 
: ii ept under the immediate direction of a trained physician. The indis- 
r in.nate use of electrical treatments of any kind is likely to do more 
■ lira than good. 

117, Tbermo-electric Currents. — In iSzi,Seebeck,3 Russian by birth 

"'-■1 German by education, while carrying on a series of electric experi- 

I, under the inspiration of the work of Oersted (Article 119), 

when be held in his hand one of the junctions of a circuit com- 

d of antimony and copper strips, that the needle of the galva- 

per in circuit was deflected. This he ascribed to the heating of the 

ice if he held his hand at any other place than a junction 

o defection. He also found that cooling one of the junctions 

a deflection. The manifestations of this phenomenon, and 

it allied to it, are called Thermo- electric Effects. 

R has been found that electricity may he generated by heating or 

a junction in a circuit composed of any two dissimilar materials, 

t two metals, two liquids, a metal and a liquid, or even a single 

■ill which has slightly different physical characteristics in its parts. 

Ii ibt instance, a copper wire may be annealed in part of its length, 

(■if the region between the annealed and nnannealed part is heated, 

It will be caused to flow through the circuit. 
i the joints in the circuit of unlike metals are heated equally, no 
'■^tromotive force is set up, and no thermo-electric current flows. A 
■■■'J'rtnce in Ike temperatures of the junctions is essential to the exhibition 
I effect. 

hirtetn years later than Seebeck's discovery, Peltier, a Paris watch- 
w, toade aa allied discovery — that an electric current, when it flows 
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S of unlike metals in a circuit, may either heal at c 
A« jHBMioa. Tttis ^dtler Effect is the reverse of the thermo-eleci 
^tct ^KOtTTcd br Secbeok. Some year^ later, Lenz actually s 
cc«tl«d itt cooliag a junction by the Peltier effect to so low a tempe 
MR St V> rause warn to freeie. 

lunt Krhio, M>BK«hat Utcr, made additional discoveries, and « 
Qtb«n mJhkU tu the sua of experimental knowledge regarding them 
«lKtnc «dfects, bnl the cause of the phenomena has never been c 

US'' tW nwaofOt- — Different materiab set up very diflerent th 
■io-«t«\-tric iitn»uir«, bnt the pressure of a single junction of any pair 
it in microvolts (it 
lionths of a vol 
Antimooy and t 
muth fiimish t 
highest pressure 
any of the met 
that can be us 
satisbctorily. Sin 
the pressure whi 
one joint, or Conj 
as it is called, si 
up b very small, 
number of coupl 
are ofteD connect' 
in series. Wh 
these are laid ' 
side by side, so tl 
irviw may \x heate^l and cooled, the arrangement 
lyib, t'i^urtf 5^t ^ihows a thermopile and the series 
It. Kor m^kin:; -i thermopile, or Tbenno Batta 
(w hnibhing cotnparativclr lai^e currents, GenD 
qtaHtinKHiy and linc m;)T be used to ad^-ania| 
l^h temperature. One couple of such a batti 
« Toh when the hot jtir>c(ioDs arc heated to 
wvub «>U stand without injun,-, and the oUi 



»!»».> MUAil thAt it b desirable to 
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tie kept at the temperature of the air. The necessary waste of heat 
which occurs in using thermo-batteries makes them of little commercial 
vahie, though they have proved of great service in some lines of scien- 
tific iovesligation on account of the steadiness of the current which 
they {^uce, and the convenience attending their use. 

QUESTIONS 

1. What is the foot pound ? 

2. What is the joule? 

3. Compare work done by water flowing under pressure to electricity flowing 
"wio pressure. 

4. If 50 coulombs of electricity flow under a pressure of 10 volts, how many 
jwksofwork will be done? 

5< ^Miat quantity of electricity must flow under a pressure of 2 volts to do 50 
H« of work? 

^ If 20 coulombs do 20 joules of work in flowing through a wire, what is the 
presiarc? 

7' ^Miat is power ? 

8- ^V^lat is a horse power? 

9- How many foot pounds of work are done by a horse power working for one 

minute? 

'0- How may the power of a waterfall be calculated ? Of a steam engine ? 

'*• What is the unit of electric power? 

'2. Wlio was the watt named after? 

'3- How many watts arc there in a horse power? 

^4' Wliat is a kilowatt ? 

'5 How many watts will be expended if a current of 10 amperes flows under a 
P^^sircof 10 volts? 

'^- Into what other form of energy is electrical energy converted by the passage 
**' * current through a resistance ? 

'7« VVhat is the law of conservation of energy? 

'^ What finally becomes of the energy put into a ball when it is thrown into the air? 

'9- W'hat is the mechanical power transmitted by the foot to a sewing machine 
^converted into? 

^ A battery cell has its terminals connected by a wire. What two transformations 
°<^ the chemical energy of the cell undergo? 

2'* A coal pile feeds a boiler, the boiler supplies steam to an engine, the engine 
**"▼« a dynamo, the dvnamo drives a mott>r, and the motor runs a sawmill. Name 
™* ▼arious transformations passed through by the energy originally in the coal. 

22. There are losses of the power available for useful purposes, in each of the 
transfunoations of question 21. What becomes of the l«jst power? 

^i- Is the power lost for useful purposes in any transformation ever destroyed? 
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24. Can any kind of a machine be run without some of the energy that is given 
to it being converted into a useless form of heat energy? 

25. Is a perpetual motion machine possible? (A perpetual motion machine is 
one that requires no energy to keep it going.) « 

26. What becomes of the energy used in sending a current through a wire ? 

27. What is the power in watts, lost in the resistance of a wire, equal to in 
of the resistance and current ? 

28. What is the power in watts, lost in the resistance of a wire, equal to in 
of the resistance and pressure ? 

29. What is the pressure in volts, required in sending a current through a wire, 
equal to in terms of the resistance and current? 

30. If the same current passes through three wires of equal length, but havii^ 
cross sections in the proportion of one, two, and three, what will be the relative losset 
by heating in the wires? 

31. What is a calorimeter? 

32. Why is a calorimeter double walled? 

33. What is a calorie ? 

34. What is Joule's Law? 

35. What is the amount of heat in calories that will be expended in a wire^ in 
terms of its resistance, the current, and time? 

36. How can a calorimeter be used as a current -measuring instrument? 

37. How much heat will 2 amperes produce per second, in calories, in flowing 
through a wire with a resistance of I ohm? 

38. What effect has the form of a wire upon its temperature when a current is 
flowing through it ? 

39. What are radiation, conduction, and convection, in reference to heat? 

40. What is specific heat? 

41. If a current is passing through a wire, why will the wire rise to a certain tem- 
perature and not continue indefinitely to grow hotter? 

42. What are the elements upon which the dissipation of heat from a wire depend? 

43. If wire is closely wrapped with insulating material, will it become hotter under 
the influence of a given current than it would if bare ? Why ? 

44. Compare the dissipation of heat from insulated wires and covered steam pipes. 

45. Will a wire placed within a moulding carry as large a current without over- 
heating as will be the case if it is exposed to the air? 

46. Will heat be dissipated more rapidly into the air from a wire at a temperature 
of 200® than it will when the wire is at i<X)°? 

47. What are some of the physiological effects of the electric current? 

48. For what purposes is electricity used in medicine? 

49. What is thermo-electricity? 

50. When were the phenomena of thermo-electricity first noticed? By whom? 

51. What is the Peltier effect? 

52. What is a thermopile ? 



CHAPTER IX 

ELECTRO MAGN LTISM 

L Hictorical. — The real connection which exists between m«| 
D and currents of electricity was not made generally known unl 
i, a Danish scientist, published the fact in 1830 that a magnet 
It is disturbed by the presence of an electric current in its neigl 
This fact had really been discovered earlier, but it did i 
le generally known, and its importance had not been recognized. 
dalso been known that imder some conditions lightning discharges 
ted steel needles, but the conditions had not been success- 
Jreproduced by experimenters. The publication of the results of 
pperimenis, by Oersted, led a number of scientists to turn their 
■ring the early part of the nineteenth century to a determina- 
is complete as was then possible, of the exact relation existing be- 
lt electricity and magnetism. We are, therefore, entirely justified in 
Sting Oersted with the original discovery of the magnetic effect of 
flecuic current — one of the epoch-making discoveries of the world. 
I, Efiect of a Current flowing near a Magnetic Needle. — If a 
;cdle is placed above or below a wire which carries an clec- 
jtotrent, t^ needle will turn on its pivot so as to set itself as nearly as 
' right angles to the wire. This may be readily tried by 
ing a short piece of copper wire to one or two celts of a gravity 
land holding the wire above the needle (Fig. 54) while the cur- 
Jflows through it. The effect on the needle may be made most 
W by making and breaking the electric circuit, which will cause 
edie to swing back and forth, since it will be deflected every time 
s closed and will return toward its position of natural rest 
ptiie circuit is broken. The current in the wire has the greatest 
n causing the needle to deflect from the north and south position 
^^wire also lies in a north and south direction — that is, when 
'e is parallel with the needle. 
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The direction in which the magnetic needle points when near a w!ie 
carrying an electric current liejends upon which side of the wire it 
stands, and upon the direction in which the current fiows in the wire. 
In Figure 56 it is evident from the position of the magnetic needles, the 
black ends of which represent north poles, that the positive direction 
along the lines offeree is there left-handed, or opposite to tlie direction 
of motion of the hands of a clock. If the diiectidn of the current 
were reversed, the magnetic needles would also reverse their directions, 
showing that the positive direcuon of the Unes of force has a &ced 
relation to the direction of the current. 

123. Rales for determining the Direction of « Field around a CnrrenL 
— There are various waj-s of remembering the relation between the posi- 
tive direction of the lines of force and the di- 
rection of the current which produces them. 
One is lo consider an ordinary right-handed 
screw which is being screwed into or out of 
a block (Fig. 57). 1/ an electric cvrrtnt it 
considered as Jitnving throMgh the screw in At 
direction which the screw moves ^trough the 
hlpck, then At positive direction of the Hnet 0/ 
force is shown by the direction in which th* 
screw turns. Instead of a screw and nut, a 
corkscrew being screwed into or out of a 
cork may be thought of. The rule may be 
applied to Figure 54 by way of illusirarion. 

.\nother way of remembering this relation 

is according lo a rule proposed by Ampire, 

after whom the unit of electric current was 

Mng in the wire with kii head down the elfctric 

t); then if Me faces a magne/ii 




Fla 57- — IHuslr«lion bjrScre* 
and Nur of Ihe RclAtion 
bciwe™ ihe Direeiiani of 
Cuneni »nci the Magnet- 
ism pnxlur«>l by h. 



named. Suppose a mat 

stream ( swimming with the electric ci 

netdU placed near tiu wire, the north poie of the net^ wiU tend to turn 

tnt-ard his left hiind. 

This rule may also be applied by way of illustration to Figure 54. The 
man must be sup|x>sed lo be I)-ing flat on the wire nnth his face toward 
the magnetic needle and his head pointing towanl the right-hand edge 
uf the page, since he is swimming with the current. Hb right hand is 
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thtn toward the reader and his left hand away from the reader. The 
t-in-ed arrows show that the north pole of the needle tends to turn 
icraafd hii left hand. 

This relation between the direction of the current flow and the dellec- 
lion of a magnetic needle gives a ready method for delennining the 
'Jmiion of the current in a wire, the only indi- 
' i;uf which is required being a small compass. 
I '■•■(: (ompass may be placed under the wire and 
""■c direction toward which its north pole turns 
"««!. Then an application of one of the 
rul« gives the direction of the current. This 
rauns is very commonly used in electrical 
r-'-Jwificturing establishments and in testing 
- "intones. 

Another rule for illustrating the relation be- 
' ■•-■m the direction of the current in a wire 
-i the direction of its lines of force is this : 
' -"|> the wire with the right hand, the thumb 
'fig extended along the wire, and the fingers 
'i"S "lapped arouni! the wire ; then Ike fingers 
' '■'/ I'ji the posithe ilirection along the Una 
' '"d when the thumb points in the direction 
' ''■'nvof the current. 

'^' Hutual Force acting between a Magnet 
-ci Cwrent. — Since we know that a force 
''"g between two bodies always affects them 
^' we may expect thai a wire which carries ^xr,. 58.- 
' ^rreot will tend to move when brought near Efl^ci 
ivcd magnet. This may be readily shown 
■ suspending a very flexible conducting wire 

■'^' a fixed magnet (Fig. 58). When a current is passed through the' 
'^ il Kill wind itself around the magnet. If the current is reversed, 
'■" •'iit will unwind and then wind around the magnet again, but in the 
'-I'l-wiic direction. 
''^^ motions of the wire and the magnet are due to the apparent 
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Fig. 59. — Illustration of Magnetic Needle placed at Centre of a 

Coil of Wire. 



tendency of magnetic lines of force to move out of a position where the} 
are not parallel with each other and into a position where they are 
parallel with each other and in the same direction} 

124. Solenoids. — By applying Ampere's rule, we see that if a wire 
carrying a current is passed above a magnetic needle, and then is 

turned back and 
passed below the 
needle, both the 
top and the bottom 
branches tend to 
deflect the needle 
in the same direc- 
tion, so that the ef- 
fect on the needle 
is increased. (See 
Fig. 59.) If the 
two branches arc 
equally near the needle, they act upon it with equal force, and thus the 
total force on the needle is doubled. By coiling the wire about the posi- 
tion of the needle, each additional turn will cause an additional deflect- 
ing force. In this way the magnetic effect of a currept may be greatly 
multiplied. It has already been said 
that the magnetic force at a point 
due to a current near it depends 
upon the strength of the current.^ 
We now see that ivhen a current is 
coiled around a point the force de- 
pends upon the strength of the cur- 
rent multiplied by the number of 
turns in tJie coil. This product 

of the current by the turns is usually called *' current turns ^^ or " ampere 
turnsT 

When a wire carrying a current is coiled into a ring or helix, the lines 
of force which surround each turn seem to join together so that they 
belong to the coil or winding as a whole (Fig. 60). Such coils are often 

1 Article 86. a Article lai. 




Fig. 60. — Picture of Loose Solenoid with 
its Lines of Force. 
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filled Solestids. Siirh coils, whrn a current is passed through them, 
'xkshit all titt magnetic effects which are shown by steel magnets. They 
attrict and repe! magnets and other solenoids, and attract pieces of iron. 
If suspended so that ihey are free to swing, they turn into a nonh and 
souiti position exactly like magnets. Figure 6i shows an iron filing 
illiatialion of the magnetic field within a solenoid. The illustration is 
:ir' longiiudinal section taken along the axis of the Golenoid, and the 
'■'•■"\ dots represent the indi- 

■■liial conductors of the coil. \^^f^"~^SP'i'^^?^!^r':':^^^f?:'/^ 
fiy applying eiiher of ihe * ••• • •• '"; 

"ies for finding the relation ._-^ 

ciween the direction of a cur- >.^ 

-inland its magnetic field, the / ■^ 

! 'lifity of a solenoid may be 
'-■"illy round. This relation ''- ''■ '■ '■■'■ ■ ■ ' ' '*" 

Jso expressed as follows: side of a ioiunoid." " 

■" 1 person face one enil of a 

I'li'id, and Ihe current is flowing in a direction counter to the dtrec- 
'■ '« k/ Ch^ hands of a clock, the north pole of the soknoid will be nearer 

'■"■ Jf Ihe current flows clock-wise, Ihe souffi pole will be nearer him. 
Tiiii magnetic effect of coils or solenoids led Ampere to suppose that 
ill nagnetism is caused by electric currents. He, therefore, suggested 
1*41 ihe molecules of magnetic materials, and possibly of all maltrials, 
W little eleclric currents (lowing around them which make them into 
""Snets. This b called ".Ampere's theory" of magnetism.' If the 
"wry is correct, it gives a ready explanation ol why magnetism is 
"Old b various materials, but it still leaves unexplained the reason for 
«K ftristence of the electric currents in the molecules, and also why the 
"teric current causes magnetism. .\mp^re's theory and theories of 
""gMtism advanced by other scientists have been before the scien- 
tific wotid for many years, but their correctness has not yet been cither 
piwed or disproved. We must, therefore, rest for the present with the 
*'i'iciice that the molecules of magnetic materials appear to be of a 
""PWic character, while those of non-m.ignetic materials appear not to 
'*'»»pietic 

t Article Si, 
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QUESTIONS ^ 

1. Who discovered the magnetic effect of the electric current? At what date? 

2. State why you consider Oersted's discovery of great value to the world. 

3. If a magnetic needle is placed near a wire carrying a current, what position 
will it take? 

4. If a magnetic needle lies parallel to a wire placed in a north and south direc- 
tion, what two forces act upon it when a current is sent through the wire? 

5. Is it possible to measure the strength of a current by its magnetic effect upon 
a needle ? 

6. Why does a current tend to deflect a needle? 

7. What is electromagnetism? 

8. Is the magnetism created by an electric current in any way different from the 
magnetism of a magnetized steel bar? 

9. What is the direction of the magnetic lines with respect to the direction of 
current which sets them up ? 

10. Upon what depends the strength at any given point of a magnetic field which 
is set up by a current? 

11. How much stronger is the magnetic field, set up by a current, i inch from a 
straight wire carrying the current, than it is 2 inches away? 

12. If one wire carries three times as much current as another, how much stronger 
will the magnetic field be i inch from the former than it is one inch from the latter? 

13. A compass is placed i cm. above a straight wire which lies north and south 
and carries a current of i ampere. The deflection is found to be the same as it 
was when the compass was placed two centimeters above another wire lying in the 
same direction. How much current was flowing in the second wire? 

14. How can it be shown that the lines of force about a cylindrical wire carry- 
ing a current are in the form of circles? 

15. Why will a magnetic needle reverse the positions of its poles when placed on 
opposite sides of a current-bearing wire? 

16. Give the " screw rule '* for determining the direction of the field about a current. 

17. Give the "swimming rule." Give the thumb and hand rule. 

18. How can the direction of a current be determined by means of a compass? 

19. A compass needle tends to stand with its north pole to the east when placed 
under a wire lying in a north and south direction. Determine the direction of the 
current in the wire by the swimming rule. 

20. Answer Question 19 by means of the screw rule. 

21. If you are standing beside and facing a wire in which a current flows from 
left to right, and you place a compass needle over the wire, will the north pole tend 
to turn toward you or away from you ? 

22. While standing beside and facing a wire you place a compass under it and 
find that the north pole of the needle moves away from you. Determine whether the 
current is from left to right or vice versa. 



ELECTROMAGNITISM 



>i. Wh« happen* to a flexible wire cartying a 



It wh«n it ii brought n 



14. W!ir does a flexible wire csnyiog a current teod lo wind about a magnet? 
35. Whii pcniiiott do the lines of force of two fields tend to lake when tlie Geld 
Mtbiougbl together? 

16. CcKiibc two experiments that show that the current flowing in a wire and : 
Bucnet baih tend to nove when they are brought near each other. 

17. Whiliia tolenoid? 

3S. Vhf will > needle deflect when placed within a turn of wire? 
^ Wbit e0ecl on the magnetic lield of an electric current is produced bf « 

ins llle "rire which ctrcict the current into a lolenoid of msiiy turns? 
P' Upon H-hat does (he strength □( field in a lolenoid depend? 
j[. What are ampere turns? 
]~ Hu« many ampere turns has a coil of twenty turns which cacriet one-balf H 

.>i. How do the lines of force arrange themselves in and about a solenoid? 

j| In what way* can a solenoid be compared to a petmaneol msgnet? 

a- What led Amplre to advance his theory uf magnetism? 

j6, Willi is the "clock" rule for determining the relative direction of current 
nd Bagorlism In a lolenoid? 

J?. If the north pole of a compass needle is attracted toward the end of a sole- 
■°*li bclure which you are standing, what i^ the direction of eurcent in the coil? 

fi. If rou with to have a south pole at the bottom of a vertical solenoid, how 
^■tlbeuiteBt be mode to flow? 

lU. Blagnetiiing Effect of a Solenoid upon Magnetic Materials. — If 
* W of bard siee! is placed in a solenoid through which a current 
^pjasiag, it becomes strongly magneli^ed, and it remains permanently 
"""iUttized when the current is stopped or the steel is withdrawn from 
"" wlenoid. This effect is exactly the same as would be obtained by 
''"Chiag the steel with a permanent magnet, but the magnetic effect 
•('wlenoid with many turns of wire may be made, much greater than 
™' of any permanent magnet, and the steel may, therefore, be more 
"^ilj samraied by the solenoid. 

In Article 89 it is said that a magnetomotive force is necessary to 
"winiiin magnetism in a circuit. Evidently a solenoid creates such 
*'liffcTence of magnetic potential or pressure, or it could not maintain 
""nignetism. It has been found by experiment that one ampere turn 
"-'■ 'ip nearly one and one-quarter units of magnetic pressure. Thus, 
"E had a solenoid of 35 turns with a current flowing through it of 4 
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be built of practicaUy any desired size and form, and of enormous mag- 
'^ptic strength. The magnets of commercial dynanios ^iid electric motors 
!<: jlways electro magnets. Figure 6z shows two forms of Horseshoe 
' '.roraagncis. 

Hie property of soft iron through which it becomes strongly magnet- 
-1 when it is placed within a solenoid, and then loses its magnetism 

■ i;n the current is broken, was discovered by William Sturgeon of 

■ i^and in 1815. Very shortly after Oersted's discovery, Sir Humphry 
'■..I', Arago, Ampere and others had magncdied steel needles by plac- 
:.;; ihem in solenoids, but il was reserved to Sturgeon, an otherwise little 
[iiiwii scientist, to make the discovery of that most important property 

■J. Kift iron — the dependence of its magnetism upon the continued 
pretence of the magnetizing force and the controllability of its magnetism 
by vajying the magnetizing force. Like Davy, Faraday, Henry, and 
Otiiers of the world's great discoverers in physical science. Sturgeon, as 
1 boy, wu an ajtisan apprentice, and gained his knowledge of science 
tbroagh study and experiment in his unemployed hours. 
.^i the time of the discovery of the electromagnet nothing was thought 
! lis great commercial future ; but it was welcomed with the highest 
■ iintific interest. At that day the laws of electric circuits were un- 
ii'iwn. the common insulated wire of to-day was not made, and the 
"iiriH&ctiirc of an electromagnet was a matter of much labor. More- 
Mff. the only sources of current were, at first, plain zinc-copper cells, 
mi later. Grove, Daniell, or similar types of galvanic tells. Many elec- 
t'fimagnets were soon made, however, and their effects were carefully 
■trjiiied by enthusiastic scienlisis, in spite of the difficulties to be over- 
oiiie. By the year 1845, little more than a half century ago, Ihe 
inv«tig3tors had succeeded in overcoming their lack of experimental 
liHliiies and had mapped oot the laws of magnetic circuits very much 
"■-■' we know them at the present time. Thus was laid the foundation of 
siir profession of electrical engineering. 

127. Curve of Magnetization, — If currents of different strengths aie 
■■rm through the coil of an electromagnet, the strength of magnetism pro- 
'^iiced will vary with the current, below the saturation of the iron, though 
not in ilirect taiio ; and after the iron is s:imraled very little additional 
i"3gneti^m will bt act up byJncreasing the current. Figure 6j sVo'»«*\r] 
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means of a curve the typical relation between ampere turns and i 
netism. Distances on the horizontal line are proportional to the a 
turns, and on the vertical line to the number of magnetic lines of C 
per square centimeter in the iron. Such a curve is called the Carre I 
Magnetization of the electromagnet. A, in the figure, represents i 
region in which the saturation of the iron is reached. Beyond this n 
gion, the curve shows that any increase of ampere turns makes onljr^ 
relatively slight increase in magnetism. When the current is withdrawit,T 
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Fia.63. — Curve of Mafrneliiation of Soft tron. 

the coercive force will retain a proportion of residual magnetism in the 
iron, and, therefore, if the current is removed little by little, a second 
curve will be made as shown by C D, in Figure 64. The poorer, or 
harder the iron, the greater will be the difference between the curves 
CD and B C. 

188- HyBteresis. — The difference between the curves is caused \fj 
the iron apparently holding on to Its preceding magnetic state, and the 
effect is called Bystereaia, as suggested by Professor J. A. Ewing, during 
a remarkable series of investigations and discoveries in electiomagnetistn 
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I were begun in 1881. One of the causes of hysteresis is the coer- 
brce in the iron, and one of its elTecta is the retention of rendual 
etism by a piece of magnetized iron after the magnetizing force has 

withdrawn. 

I. Hagnetic Penneablllty. — From what has preceded we may see 

solenoid in which a current flows and which conUins a soft iron 
el core is a stronger magnet than a similar solenoid containing a 
teel core, and it is a very much stronger magnet than a similar sole- 
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. — dure of Magnetization, BC. and Curve of Demagnetiiation, CD, of Soft Iron. 

containing no core. Remembering that, according to our idea of 
sf force, the strength of the magnetism of the solenoid and core 
ids on the number of lines of force which pass through the 
jid ; then, since so many more lines of force pass through a sole- 
when a hard steel bar is placed in it than pass through it when the 
within the solenoid is simply occupied by air, we may conclude 
ines of force are more readily set up in steel than in air ; and since 
. steel core causes more lines of force to pass through a solenoid 
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than does the hard steel core, we may also cooclude that lines of fixce 
are still more readily set up in soft steel. 

The relative ease with which magnetic lines of force may be produced 
in a body is called its Permeability. As a matter of convenience it it 
usual to say that the permeability of air is unity ( i ) . As compared with 
this, the permeability of soft iron or steel is very great ; it may be seven! 
thous^d times, and in some cases many thousand dmes, as great. 

The permeability of all materials, except a few highly magnetic <mts, 
is very nearly coostant at the value of unity, or the same as that of air; 
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but the permeability of the magnetic materials varies. For instance, 
the permeability of iron increases rapidly as the iron is being mag- 
netised until a certain magnetic density is reached, and then if the 
magnetic density is crowded slil! higher, the permeability rapidly 
decreases. Typical " permeability curves " for wrought iron, soft steel 
castings, and cast iron, which show the relation between magnetic density 
and permeability, are shown in Figure 65. The proper division between 
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materials that are called paramagnetic and those that are called dia 
magnetic ' depends upon whether their permeability is greater thaJ 
unity or is slightly less. 

>Ve may divide materials into good conductors of magnetic lines o 
force, or good magnetic conductors, and poor magnetic conductors 
There are, however, no materials which may be regarded as magneti( 
Insulators, in the way that we regard some materials as being practtca 
insulators of electricity ; and all materials, and a vacuum as well, arc W 
& certi»in degree magnetic conductors. 

The permeability of a material may be called its Specific Mt^etic Con 
dttCtivity, that is, the magnetic conducting power of a block of the materia 
T\hich is one centimeter long and has an area of one square centimeter 
rhe artuai magnetic conductivity of any piece k/ material liecreases wiU 
- ,- length and increases with the cross section of the piece. This may b( 
ikened to electrical conducting power, or conductivity, which is describe! 
:i Chapter VII 

PROBLEMS 
^ How many units of niagnctit: pressure will 15 Bmptces pissing through > coi 
■ f JO turns set up? Am. 566 [ipprux.). 

ff. For the purpose of DiBgnetizing an iron bar we wish 
-.f^^ari:. we have a cuil »f 350 turns anil 10 ohms [CiBtance. Iluw muny volli 
e apply ■'> the coil? Am. 40 (approx.). 
The copper wicc coil of on electromagnet hu looo luma, each being 18 in 
Tbe wife is of 1050 circular mils cross section. If the toil is connected to I 
which furnishes it jo volts pressure, how niany units of magnetic presiun 
boetup? Ahi. 4190. 

Foot Daniell cells ore connected to a solenoid of looo turns and 4 ohniire»ist 

The cells each set Dp a pressure of 1,1 volts and have an internal resistand 

How much niBgni;tic pressure will be produced when the cells an 

with 2 sets in parallel of 1 cells in series? Ans. 346 units (approx,), 

■ g. If in Example D the cells had all been in scries, what would have been Ihl 

Knure? Ami. Nearly ^76 units. 
, J^ Two coils have resjiectively loa and 1000 turns and are of I and 10 ohm 
What will be the relative magnetic pressures set Up in them «b«l 
sujipbed with the lame electric pressure? Am. They will be equal. 

' 130. Magnetic Reluctance. —The reciprocal of ma^etic conductinf 
\O0^ may be called Magnetic Resistant^, but the word Reluctuice ii 



! of magnet ii 
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usually applied to it ; and any path through which lines of force pass 
may be called a Magnetic Circuit. These terms may be recognized as 
entirely analogous to those applied to the case of electric currents and 
which are described in earlier chapters. 

PROBLEMS 

A, A piece of iron 200 cm. long and 100 iq. cm. in cross section has a per- 
meability of 1000 units at a certain magnetization. What is the reluctance ? (Aid : 
By the analogy to electric resistance we can write 

_ , I Length in centimeters 

Reluctance = ■= tttt— • -p, -^ — : -^ — - — » 

Permeability Cross section in square centimetert 

or using symbols to represent those quantities, 

- being equivalent to specific electrical resistance. Substituting the values given in 

the example, the result is easily obtained.) Ans, .002 of a unit. 

B, A ring of soft steel has a permeability of 500 at a given magnetization, and a 
length of 100 cm. How large must be its cross section if its reluctance is to be 
.004 units? Ans. 50 sq. cm. 

C, The air space between a magnet and its keeper is \ cm. long by 20 sq. cm. in 
cross section. What is the reluctance of the air (/i= i) ? Ans. .025 unit. 

D, A ring is made up of two curved bars, one of cast iron having a permeability 
of 100, and the other of wrought iron having a permeability of 1000 at a desired 
magnetization. Both pieces are 50 cm. long and 25 sq. cm. in cross section. What 
is the reluctance of the magnetic circuit formed by the ring at the given magnet- 
ization? (Aid: Add the reluctances of the two pieces.) Ans. .022 unit. 

£, A magnetic circuit is made up partly of a curved bar of iron 200 cm. long 
by 50 sq. cm. in cross section, and having a permeability of 1000 at the required 
magnetism, and partly of an air space i cm. long by 50 sq. cm. in cross section. 
What is the reluctance of the magnetic circuit at the required magnetization ? Ans. 
.024 unit. 

131. Magnetic Pressure and the Magnetism set up by It. — By simi- 
larity with electric circuits we may say that it takes some force to set up 
lines of force in a magnetic field or magnetic circuit. We may call 
this Magnetomotive Force or Magnetic Pressure (as already described 
in Articles 89, and 125), terms which are similar to electromotive 
force and electrical pressure. T/te number of lines of force in any 
magnetic circuit is equal to the magnetic pressure divided by the reluc- 
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Unieaflhe lircvil ; and it can be shown mathematically, as has already 
itfen iti forth, ihat the magnetic pressure in a complete magnetic areuil 
'i Cifual to the number oj ampere turns tnultiplied by a constant which 
u marly equal to 1 ^. This may be set down in the form of a formula, 
in thich N is used to represent the number of magnetic lines of force. 
Mint magnetic pressure, P the magnetic reluctance, and nc the number 
ofiopere tonis: 

P P ' 

In Older that the strongest possible magnetism shall be produced in 
^^1' nagnetic circuit, it is necessary lo have the circuit made up as far 
" ]x)3il)le of material having the highest permeability — that is, soft 
i^D— and to arrange as many ampere turns as possible to set up the 
Tiigneiism, 

Tie apparent similarities of electric and magnetic circuits, and their 
'rally fundamental differences, will be further illustrated in later articles. 

PROBLEMS 

^. Ilk is desired lo have a piece of iron magnetited witli 5000 lines of force p«r 
■^wn c!»iiroeter, what cross section is required to have a total of 1,000,000 lines? 
•*". tooi,|. cm. 

A A magnetic circuit composed or a ring of iron has a reluctance of .ooi unit 
*>m 1,000,000 lines of force pass through it. How much magnetic piesaure is 
nquml to cie&te the i,ooo/x» lines? (Aid; From the relation stated above we 
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*• Hdw many ampere turns would be required io Example S f An 

"■ A ring of iron 150 cm. long and 50 sq. cm. in cross section has a permi 
'' W when lo.ooo lines of force pass through it per square centimeter. How 
'"Ptlic pressure will be required lo set up 500,000 lines? {Aid: First find the 
'•lUcuncc.) Am. jooo units of pressure. 

''■ A ring of iron has a coil of aoo turns wound upon it. The ring is 100 cm. 
' ''B W » sq. cm. in cross section, and has a permcabilily of 500 when 50,000 linel 
■I '"ttt pus thiougb it. How much current will be required lo set up this mag- 
"^laiton? Am. 1.98 ampeies (approx.), 



I 



H. A magnetic circuit is made up partly of a cur 
50 sq. cm. in cross section, and having a iiernicalMiity 
of 10,000 lines oi force per S(|uare centimeter cross st 
air space l cm. long by 50 sq. cm. cross section. \V1 
to set up a total of 500,000 lines of force? Ans. I2,( 
/. In Example H how many units of pressure we 
force through the iron ? Ans, 2000. 

J, If the cross section of the magnetic circuit in 
any lines of force would 12,000 units of magnetic pi 
K, If a coil of 2000 turns and 10 ohms resista 
Htaining the magnetic pressure, how many volts 
M, ^*i.*i (approx.). 

QUESTIONS 

:19. What happens to a bar of steel placed within 2 
What is unit magnetic pressure ? 
How many ampere turns are required to set up 
low much magnetic pressure will be set up b 
of one hundred turns? 
!ow much magnetic pressure will be set up by 
«at happens to a bar of soft iron when it is ] 
it happens in Questions 39 and 44 if the c\ 
It is residual magnetism? 
t is an electromagnet? 



e (he cffel^^H 
»ofl iron, or^^ 
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U- If in Qneslion 53, 35 amp 
■ .:::i:lul35 UDpetes? 
;;, Ifin QucMlon 53 the current be decreased again, will the curve of magneth 
:->: same u for Ihe riling ciuTeat? Will it be higher or lower? 
:'j. Whit is hystecesii? 
:: What cause* hystercsia? How? 

i^. Which vill a lulentiid set up lines of force in most readily, 

Lud ued? Which next best? 

59- VThal is pcrrocabilily ? 

bo. Cooipare magnetic permeability to specific conductivity of electric conducton,. 
ii. What is the permeability of ait, wood, brick, etc.? 
tii. What ace paisloagnetii: and itianiBgnctic bodies? 
63. Are there any magnetic insulatois? 

i'l. What eflccl have the length and cross Eectioo on the magnetic conductivity 
iirufiion? 

■■■. What is magnetic reluctance? 

■'■. How does maenetic reluctance compare with electrical resistance? 
-- HTial ij a magnetic circuit? 

^ If one magnetic circuit is twice u long and has twice the ciosi section 
Mr made ul tbe same material, will they be of equal reluctance? 
I If a ceitain ring of steel has one-tenth the permeability of an equal ring d 
. irowmucb great ei will be the reluctance of the steel than that of the iron? 
:- Compare magnetic pressure with electric pressure. 
■). Construct a Uw for tbe magnetic circuit similar tu tJhni's Law. 
•i. A certain ring of icon has a reluctance of 2.5 units. A coil of wire wra 
euand it sets up 2500 units of magnetic pressure, flow many lines of force w 
t>alc<i in the iron? 
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ELECTROMAGNETIC INDUCTION 

132. Pressure induced by moying a Conductor across a Magnetic 
Field. — The experiments of Oersted, Davy, Ampere, Arago, Sturgeon, 
and others showed the intimate relation existing between electricity and 
magnetism,^ and also showed that the flow of an electric current always 
produces magnetism. It remained for the brilliant experimental studies 
of Michael Faraday, of the Royal Institution, London, and of Professor 

Joseph Henry, of Princeton College, New Jer- 
sey, to make the most important additions to 
our knowledge of the mutual action between 
electric currents and magnetism. Within two 
years after the publication by Oersted of the 
discovery that a magnetic needle may be de- 
flected by bringing near it a wire carrying an 
electric current, Faraday had succeeded in pro- 
ducing a continuous motion by means of the 
effect of an electric current upon a permanent 
magnet ; and it was soon after learned that a 
wire hung over the pole of a magnet and with 
its ends in mercury troughs, as shown in Figure 
66, would continuously revolve around the pole 
on account of the mutual attraction between 
the lines of force belonging to the magnet and to the current in the 
wire.* In the motion thus produced lies the principle of the operation 
of the electric motors and many of the electrical instruments which 
prove so useful at the present day. 

The best method of generating an electric current at this time was by 
means of an electric battery, and the usefulness of the electric motor 

' Ctapter IX. * kx^A^ \i.v 
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Fig. 66. — Wire IV,- ar- 
ranged to rotate around 
Magnet Pole AW, through 
the Mutual Action of 
Current and Magnet. 
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icoold be but small as long as it depended for its power upon the con- 
sumption of zinc in a battery.' To the vigorous minds of Faraday and 
Henry, the production of motion when an electric current waa 1 rought 
onder the influence of a magnet seemed lo suggest a reierse action 
through which an electric cuneni might be prt dated bj the motion of 
mire in a magnetic field. This thought led shortly after 1830 to the 
ni^ificepl discovery by Faraday that a ten ienn for electric currents lo 
§,eMi is preduced in a eonduclor uhen it is mined in a magnetic field so 
a U> cut through the lines of force of the field That is an electric 
fftaure is set up in the conductor aihen it cuts the lines of fatce The 
i»o great cKperimenters also independently discovered the fact that any 
'kangein the magnetic field around a uire tents ti set up an electric cur- 
f"( (fl Ike wire, exactly as any change in an electric current which 
flots in a wire causes a 
Kcresponding change in 
■"f magnetic field about it. 
In this great discovery 
■ the principle of the 
■ration of Dynamo Elec- 
■c Generatora or Dyna- 
-'5, as they are usually 
■^■leci, Faraday himsi 
in 1831 made what may fig. 67.- Faiaday", Disk Dynamo. 

tt called the firet model 

of a dynamo. This consisted of a disk of copper rotated between the 
poles of a strong magnet (Fig. 67). From this disk a current was 
coDeeted by copper brushes which rubbed on the edge of the disk and 
on its shaft. 

133. Early Magneto Machines. — Faraday's discovery was quickly 
turned into commercial service, as will be described in a Jater chapter, 
ind many small machines were made for generating electric currents by 
rotating coils of wire between the poles of permanent magnets. These 
machines with permanent magnets are ordinarily spoken of .is Magneto- 
ilectrk Generators or Magnetos to distinguish them from the ordinary 
lynamo electric generators or dynamos which have electromagnets. 
• Refer lo Article 54, 
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The magnetos which are used for ringing telephone call bells belong 
to the same class as the early ipachines. 

134. Magnitude of Pressure set up in a MoTing Wire. — When a 
wire is moved in a magnetic field so that it cuts lines of force, the 
action which occurs causes a difference of electric pressure between the 
two ends of the wire. The magnitude and direction of the pressure 
which is thus Induced depends upon certain fixed relations. 

The magnitude of the pressure depends upon the rate at which the 
wire cuts lines of force ^ that is, upon the total number of lines of force 
cut by the wire in a second of time. When the wire cuts one hundred 

million ( 1 00,000,000) 





lines of force in every 
second during its mo- 
tion, an electric press- 
ure of one volt is set 
up, and if the wire (like 
^ C in Fig. (i%) is laid 

Fig. 68. - lUustration of Rails with Slider to cut Lines ^^^OSS conducting rails 

of Force. ° 

which are electrically 
connected through a galvanometer (shown at G in the figure) the gal- 
vanometer will indicate, while the wire moves, the flow of a current 
which has a strength equal to the induced pressure divided by the 
resistance of the electric circuit made up of the galvanometer, rails, and 
moving wire. 

If the wire cuts through the lines of force at the rate of two himdred 
millions (200,000,000) to the second, the induced pressure is equal to 
two volts, and if the wire cuts only seventy-five million (75,000,000) 
lines each second, a pressure of only three- fourths (f) volts is set up, 
and so on, which is according to the rule given above. 

The number of lines of force which are cut in a second by a wire 
moving in a magnetic field depends upon four items. 

1. Upon the strength of the field, or the number of lines of force 
which it contains in each square centimeter. 

2. Upon the length of the wire which is in the field. 

3. Upon the speed with which the wire moves. 

4. Upon the angle with which the wire moves across the lines of 
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he wire moves diagonally across the lines of force it does 
ough as many lines in a given time as when it moves 
at right angles to the lines. 

PROBLEMS 

ruts at a constant rate of speed through a 6eld of i«ooo/xx> lines of 
nes per minute. How many volts are set up in the wire? Ans, .4 

100 cm. long passes through a magnetic field having an induction of 
' force per square centimeter. If it travels at the rate of 1000 cm. per 
It angles to the lines, what pressure will be induced? (Aid: Find 
cs cut per second.) Ans, 10 volts. 

cunducturs, connected so that their induced pressures are in series, cut 
pOOO lines of force at the constant rate of 3,000 times per minute, 
ivcrage pressure set up by the set of conductors? /Ins. 50 vt^lts. 
c of a large coil of wire having 100 turns, cuts through a field of 
"5 of force at an average rate of 2400 times per minute. What is 
re^sure developed? (Aid: The turns arc in series.) Afts. 400 volts. 

\ i>ne turn includes 5,000,000 lines of force within its area when the 
■:e is at right angles to the lines. If it is turned over at the rate of 
n.- per minute, what will be the average of the pressure induced during 

Uiti«'n ? (Aid: each side of the coil cuts all the lines twice in a 

hti. 4 volts. 
■ >il in Example E had 25 turns, what would be the average pressure 

.. 100 volts. 

i«T, when cutting at right angles across a magnetic field at a speed of 

. iii< luces 2 volts, how fast must it go to induce the same pressure 

Li is 5u inclined to the lines that, at a speed of 25 ft. per minute, it 

i volt? Afts. 100 ft. per minute. 
■ .'.' cm. long cuts at right angles across a field of 5000 lines of 

■ 'itiinetcr. If the resistance of the slider is .5 of an ohm and its 

■ a wire of negligible resistance, how much current will flow when 
rate of 300 cm. per second? .-Ifts. 3 amperes. 

.\or (in watts) is required in Example // to push the slider, 

.- friction? Ans, 4.5 watts. 

■1 '.f fifty turns cuts through 5,000,000 lines of force at a speed, 

nrJilercd, of 2400 times per minute. The resistance of the coil 

' the resistance of the external circuit to which it is attached is 

!■ A' much current flows? Afts. 100 amperes. 

■ ijc power are required to drive the coil in Example y? Ans* 
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t. Mow much |>tcuure U uKd in the coil and how much in tbe e 
I^Uipla / .' /f Ml. M volts. 80 volts. 

Jt. What ttlhepfcuuie at ibelcrmiDkli of thecoil in Examfdey ? ^iu;.So« 

,V. \VM p»«rKla«inl iatbc coil and what ia the «xtcnMldmit of E>aMfl| 

.4m. locw vatth toM mvox, 1 

iV llow mum l>*aka edit of « <>lma intwaal icMaaacc and 1 toU p re— j 

W W«l K> i^fMt tbir pua« el tbe anaapawnt is Eja mp l e y. wppn < i« g Ih^ 

:«aftUb«l«;«HatWRs>MaBceofthecod? HowAoayi 

a iapanB^cad 0/ loa cda ■■ aj 



DV nmtlMtfl 



■- Id F«M 



- *^— y — atH I I I— *-iik*Ba 






>Mm«c 1^ i&ccan tf 1^ ^n «|1 
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' Ae direction of the lines of force. One of them is to hold up t 

right hand, with the ihumt> pointing straight up, the first finger poind) 

straight out, and the middle finger 

iicd off to the left (Fig. 70), 

A, if the hand is turned in such 

iirfction that the Thumb points 

. :hc direction of Motion of the 

"■;, and the First Finger points 

■■1 UiC direction of the lines of 

/, then the tnidJle or Central 

, FiKpr will point in the direction of 

the Current which is set up in the 

tire by the induced pressure. 

Another way of remembering this 

' ftbiion is by a modification of Am- 

r's rule.' 1/ a man Hes in the 

ing eonduetor so that he looks 

■n along thi lines of force {his 

■ is then tmoaril the south pole), and the motion is toward his rigXi 

■ !, ke will be floating head first down the current which is set ufi in 




136. Experimental IlluBtratlona. — It has already been explained* 
thai the earth is a great magnet, and that its lines of force, therefore, 
reach out through all the space within which we live. The induction 
of electric pressure by a wire cutting lines of force may, therefore, be 
ilhi&tiated by swinging a long wire in the earth's magnetic field. If a 
wire is suspended across a room, and its ends are attached to a sensitive 
galvanometer, the needle of the galvanometer will be deflected fi-om 
side to side when the wire is set to swinging. When the wire moves in 
one direction, the needle will move to one side of its zero point ; and 
»hen the wire moves in the other direction, the needle will move to the 
oiber side of the zero. This shows that the direction of the pressure 
induced by the cutting of the earth's lines of force depends upon the 
direction in which the wire moves across the lines. 
If the wire is caused by some means to swing more slowly, t 
•Article 122. 'Arliclego. 
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nons of the galranometer needle wiD be smaller, shmring that the loaj 
nitude of the indaced pressure depends upon the velocity of motion a 
the wire. 

If half the wire is now repUced bjr a piece of string, and the ends c 
Um remaining half are connected to the galvanometer vrithout pract 
cally altering the resistance of the circuit, ant! the wire is set swingio 
at about the same speed as before, the galvanometer deflections ai 
icduced to about one-half their former value, showing that the induce 
piesstiiv depends apon the length of the wire. 

These experiments can only be successftiUy curied out in some sue 
bvontbljr ei]uipped pUoe as a school laboraloiy, but their desciiptiQ 
Nfres to illustrate the effect of OMvtng a coadactor across magnev 
lines oi force. An expetimeat illastiating the same thii^ may be mad 
by meuis of a pemaoent magnet, a coil of wire, and any galvanomeU 
«iUk a light needle which is obuinable. If the coil, made up of a le' 
tlRlki of wire, is slip(>ed along one end of the magnet at a fixed sptxi 
tbe galvanometeT Deedle will sbow a certain deflection. Now, if moi 
twu ue added to the coil, which b then mm-ed exactly as before, tb 
flihlUKMneler deilection will be proportianallT greater, showing tbit 
HIMtvr electric )>ressare has been todoced. 

In iive case of the coil w<e hare the (ijUowii^ condition : each tui 
tltt> the lines of force at a certain rate as the coil b shpped along tb 
WmiMt. 'XKt a cotrespoodiDg electric pressure is set up in it Sine 
lilt MIW of the coil are all connected in series, and the electric pres 
WH IH ay> in them are all in the same direction, the electric pressiu 
^mHnrnl (a the wbok coil is equal to the sum oi the pressures develops 
tak 4U t4 it* turns. Thb b exaclty similar to the case of an electr 
Wttety with its celb conaected in series, where the battery pressure 
ir^-ftiH Hi Hw »\m of ihc jimsurcs of aS the ceOs^ Adding addition' 
Vftik Y^ (tu' tvttierv increasm the battery ptessorv. aitd adding adcUtioO' 
hmtiM W th< iiio>tuj ctul tncira^n dw tool pressure induced in it. 

\i Mki» v\V)ne>.- lions of sane of the cdk in the battery are tevenex 

lW |4iM4»io It tKe baiterv termiiub is mlaccd, and becoroes equal i 

'( the prennm which a» developed by the celU cm 

" i\ and those which atv connected in the reverse wi- 

- > , li |urt oif the inrtis of the maving coQ be wound ] 
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one direction, and part in the other direction, the pressures developed 

in the two pans are opposite, and the effective pressure developed bjf 

Ific coil is equal to the difference of the pressures which are developed 

■rjL parts. If half the turns are right-handed and half left-handed, 

■rrcnl will flow in the coil when it moves in the magnetic field, 

i^e the pressure developed in one half of the turns lends to cause 

iircnt to flow one way, ^ 

tlic equal pressure de- ■< fvi 

■;-l m the other half of ■ ■ fff 
'■If turns tends to cause the "* [ " 
rarrent to flow in the oppo- ^ »V 
'ilf direction. The two ten- * V^ 

dcQLies neutralijte each other, ■* ' 

and no current flows. "■ 

For the same reason, if a 

'iiio/wirf be moved straight -^ 

vntt ih( lines ef force of a Fio. 71.- 
wnfcnn field (.Fig. 71), 
"■^nt will flow in the ci 

the pressures developed in the two halves of each turn are in 
■-iiion. as shown by the arrows, and are of equal v.ilue. The truth 
■ ;."ai may be easily proved by applying one of the rules given in the 
preceding article. 

If the coil is mounted 
on an axis or shaft, so 
that it may be revohied 
inthefiel.l{r^^.^^),■i. 
difl"erent condition ex- 
ists. Now. the two 
halves of the coil cut 
the lines of force in 
such a way that the 
pressures are in the 
current, therefore, flows 
Figure 73 shows the coil after it has turned through 
levolutioD from its first position. From this figure it is seen^ 
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the two sides of the coil are now both cutting the lines of force in 1 1 
direction which is opposite to that in which they cut the lines before. 
7Tu direction of tlie current in the coil is therefore reversed. As 
the coil continues re- 
volving, the current in 
it is reversed in every 
half revolution. Such | 
a current, which flows 1 
first in one direction ' 
and then in another, ; 
is calle<] an Altemat- ' 
ing Current. 

137. Methods by whicb Pressures may be Induced. — It has been ex- 
perimentally proved that any change in the magnetic field around an 
electric conductor, which causes the lines of force to cut ihe conductor, 
tends to cause an electric current to flow in [he conductor.' We are 
now sufficiently acquainted with the mutual eff'ects of electric currents 
and magnetism, so that it is not surprising to learn that there are various 
conditions under which the effects of magnetism may result in an elec- 
tric current. One of these conditions is seen where the motion of > 
conductor across magnetic lines of force causes a current to flow in the 
electric circuit, of which the conductor is a part. It is not neceasaiy 
that the conductor move, but the magnetic field may move, so that its 
lines of force cut across stationary conductors. In fact, an elechit^ 
pressure is set up in a conductor when it cuts lings 0/ force, whether At 
cutting be caused by the motion of the ctmduelor, or by the motion of At 
tines of force. 

The magnetic lines of force which are cut by a conductor and w 
cause an electric pressure in the conductor may not come irom ) 
magnet, but may belong to an electric current in a neighboring wire- 
When a conductor is moved toward or away from a wire carrying J■^ 
current, the lines of force belonging to the current are cut by tbes 
moving conductor and an electric pressure is induced in it. IC" 
the wire carrying the current is moved toward or away from the olherr" 
r conductor, the lines of force belonging to the current cut the cor>- 
I Article 132. 
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r which is now stationary, and an electric pressure is set up i 

The wire carrying the current may be in the form of a coil, like P &d 

figure 74. An electric pressure may be set up in the conductors 
inoiKer coil, S, by simply 
ibnisting the first coil which 
cirries a current into the 
second. After the Primary 
coil P is pushed into the 
Stcoadary coil S and its 
movement is stopped, the 
eleciric current in the sec- 
onduy also stops because 
Ifie conductors no longer 
cu! lines of force and the 
ckctrical pressure is no 
longer produced. Now if 
At primary cod is drawn out from the secondary coil, an electrica 
prasure is again set up in the latter. This pressure and its resulting 
^'nitit is opposite to that set up when the primary coil was pushed it 
^' SKoadarv, because the Knes of force are cut in the opposite direetiot^k 
"J Ikt secondary coil. 
: :^e same effects may be produced by moving a secondary coil in and 
■jf a larger primary coil, or by moving one coil around near the 

'"■-•- The battery cell C, shown in Figure 74, furnishes current to 

'At coU. 

QUEsrroNS 

I. Giic 1 bfief history of the development of electromagnetic induction. 
*. W'hai levrn men were moat closely allied with the historical development of "I 
slfaroitagpetic induction ? What did ihey do ? 
I- Huw can a tnsgnct t>e given a continuous motion by means of an electiia| 

«■ Htnr Clin a wire bearing a current be arranged ao that it will revolre contin* 
■^y npon i magnet pole ? 
5' ttliy wetr not tnotora, made as in Queition 4, useful in Faraday's day ? 
^ Whit bcK led Faraday and Henry to believe that an electric current coa 




Suie Fitaday's diicovery wilb reference to a v 
t ttmde ? 

; the cRect of any chacge of magnetic 6 



i about a wire, Wlui d 



veKd ti 



1 i •■ 



9. Describe Faraday's Gnt dynamit. Wben did he make it? 
la What are inagtielos ! 

11. Which ii induced, the current gr pressure ? 

12. What does an electramagnetically iaduced preaaure depend upon p 

13. How many lines of force must be cut per secund to create a 
■ volt ? 

14. Suppose the rate of catling lines was one hundred millions in 
what would be the induced pressure ? 

15. Suppose the rale of culling lines wns one hundred 
irbaC would be the induced pressure ? 

16. Does Obm's Law apply to circuits having a constanl induced pressure 7 

17. Upon what three things docs the numtier of Uneicui by a conductor movi 
in a magnetic iield depend ? 

iS. Wilii the slider and rail arrangement described in Article 134, how much nM 
pressure will be induced If the original length of Ihe liider be doubled ? If the lb 
per square centimeter be doubled ? 

19. Upon what does tbe direLiiim of an induced pressure depend ? 

10, Will the direction of an induced pressure be reversed by reversing the direct 
of movement ? By reveraing the field ? 

21. Will the induced pressure be reversed by reversing the directions of bt 
Ihe movement and Ihe lines of force ? 

3a. Does the current tend lo flow away from or toward Ihe point of high prtsf 
in a conductor within which a currcul is being induced ? How is it in the remsin^ 
of the circuit ? 

33. Is pressure used up within a conductor, having an induced pressure, by t 
induced current iloiving through its resistance ? 

34. How can you show eiperimenlBlly Ibal part of the total pressure induced 
a conductor is used in driving a current through its own resistance f 

35. Compare the slider and rail arrangement with a pump and also with a battery 

36. Give the "hand" rule for determining the relative direction of mo6oi 






s of for, 



17, Give the " swimming " rule for relative direction of motion, current, and IIW 

38. Illustrate the fundamental lawt of electromagnetic induction by a long saini 
ing wire. Devise an illustration for yourself. 

39, Illustrate, as in Question i8, by a magnet and voil of wire. 

30. Why does increasing the number of turns in a coil increase the amwDl ' 
pressure which ia iaduccd in it when a magnetic beld is caused to thread the coil ! 
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jr. VfhT mU ft eoH nf « 
fittant Induced within it ? 
it VifM a na altcrnatiTi] 
SS- Will «iU a coil revol^ 
.Ht li n necessary ihat 

.ii' Uiylhtr Diagaetiim ii 



1 unifonn magnetic Held n 



n alternftting current 7 
live a prcMUre induced 



a wire be made i 



i^ Wliai happen* when a coil carrying a current » pushed into aoothet coU ? 
37' Wua happens when the inner coil of Question 36 is it ithdrawn ! 

138, Hutnol Induction. — The effects described in Article 137 may be 
produced by fixing the coil /", inside of the coil S, and then varying the 
turrcni which flows through the coil P. When the current increases in 
■w primary coil, the lines of force belonging to the magnetic field of 
"t current cut the conductors of the secondary coil as they are pro- 
filed, and thus set up an electric pressure in the secondary coil during 
^t^mt the magnetic field is increasing. If the Primary Current is te- 
'^wii or shut ofT entirely, an electric pressure is set up in the secondary 
'Oils in the opposite direction during the time that the magnetic field is 
^cnaiing. 

Electric currents which are set up in circuits by means of cutting lines 
*f fcrcc are said to be caused by Electromagnetic Induction, and they 
"t sometimes spoken of as Induction Currents or Induced Currents. 
TV currents produced by dynamos are examples of currents induced 
"f electromagnetic action. When the coils act directly upon each 
*''wr, the effect is called Mutual Induction. 

1S9. Induction Coila. — An appliance consisting of a primary coil 
•"^i secondary coil, which is used for the purpose of inducing currents 
" 'he circuit of the secondary coil by varying the current in the pri- 
'**'y coil, is called an Induction Coil, The two windings of an induction 
twl arc usually placed on an iron core, which greatly increases their 
'Sectiveness. The core must be made of iron wires, or currents will be 
""'leed in the core and thus heating and loss of power will result, since 
^enis are induced in all closed circuits or masses of metal which are 
**chinging magnetic field. This division of the iron core of an in due - 
""n coil is necessary for the same reason that it is necessary to laminate 
™*WDcotesof dynamo armatures, as will be described Ji 
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Each turn of the secondary windings of a. well-built inductio 
;uts practically all of the lines of force which are set up by the c 
n the primary coil, so that the total electrical pressure indue 
the secondary 




menis, 

ten called Ruhi 
coils (Fig. 7s; 
FiQ. 7s.-RubmkorffCoil. secondary ha: 

very many tui 
extremely fine wire that the pressure produced in the secondary, 
the current from a few battery cells is made and broken in the pi 
coil, may be so great as to cause 
an electric spark to jump a num- 
ber of inches through air. In the 
induction coils commonly called 
Transformera or Converters (Fig. 
76), which are common objects 
on the poles of electric light com- 
panies which nse alternating cur- 
rents, the secondary coils usually 
hare fewer turns than the primary 
coils, and the electrical pressure 
induced in the secondary coils is 
therefore less than the pressure ap- 
plied to the primary. Commercial Fig. 76. — Aliernaiing Cuneni Traw 
transformers are usually enclosed 

in iron cases, but the illustration (Fig. 76) simply shows the coil 
iron core which compose the essential parts of the device. Such 
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■ 'imers arc used to reduce a high pressure which is used on the streer 

":iiiis to a lower pressure which may safely and conveniently be used 
:. iiuildings to operate electric lights. Transformers, as applied to elec- 
ire lighting, will receive attention in a later chapter. By means of them 
we are able to perform the remarkable feat of commercially transferring 
tlfclrical power from one circuit to another, although the circuits have 
i^htely no electrical connection with each other. 

140. General Rule for the Direction of Induced PresBures. — If we re- 
I'.raber the direction of the lines of force around a wire which carries 
iciurent' and the rule for determining the direction of an induced cur- 
f™,' it is easy to determine the direction of the current induced in any 
iixondary circuit. By applying the rules referred to, the following rules 
tbtini to induced currents may be derived ; — 

1. When a primary coil is PtraHED WTO a secondary coil, the seeottdary 
'"inceit iurrent is opposfte in direction to the primary current. 

'• 'tS^n a primary coil is drawn out of a secondary coil, the induced 
'■!^iid(iry current is in the same direction as the primary current. 

"htn the primary and secondary coils are fastened together and cur- 
'"" is induced in the secondary by making and breaking the primary 
' "Teni, we have the following rules : — 






" HTun the current is made {started) in the primary coil, a momert- 
''"? QPWsrrK or INVERSE current is induced in the secondary coil. 
■1 When a current is broken [stopped) in the primary coil, a mi 
■'1 farrent of the same direction is induced in the secondary coiL 
'hese rules relate to the flow of current when the secondary circuit 
' ''^ If the secondary circuit is open, the electrical pressure which is 
' "p is in such a direction that the current would flow in the direction 
""^'caied were the circuit closed, 

Ul, L«ni'i Law. — A careful examination of these rules shows a 
"'^^ important fact which may be stated in this way : The direction of 
" 'iJueed current is always such, that the magnetic field belonging to it 
*"A to oppose the change in the strength of the magnetic field belonging 
" t^ primary current. For instance, when the primary current of an 
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induction coil is " made," an inverse current is induced in the secondary 
coil wiiose magnetic field opposes the growth of the magnetic field of 
the primary current. When the primary circuit is broken, the magnetic 
field of tiie induced current opposes the decay of the magnetic field be- 
longing to the primary current. Another illustration may be taken from 
the primary coil which is pushed into a secondary coil. When the 
primary coil carrying a current is pushed into the secondary, an inverse 
current is induced which sets up a magnetic field which tends to repel 
the primary coil and, therefore, opposes its motion. When the primary 
coil is drawn out of the secondary, the direct induced current si 
magnetic field which tends to attract the primary coil and, therefore, 
again opposes its motion. 

In the case of a dynamo, the current which is induced in the armature 
conductors has such a direction that its magnetic effect tends to slop the 
motion of the armature ; and to keep it rotating, mechanical power must 
be applied to the armature in proportion to the amount of power repre- 
sented by the currents generated. 

The above facts may be briefly stated in one sentence. IVhen e/eclrie 
currents are induced by a changing magnetic field, tlie magnetic field he- 
longing to the induced currents tends to stop t/ie change in the original 
field. We have also tlie following statement which results directly from 
tlie former. When electric currents are induced l>y the motion of a ton- 
dttctor, the induced currents have such a direction that their magnetie 
effect tends to stop the motion. This is called I^nz's Law, after a German 
scientist who first formally stated the principle. 

The principles stated in the preceding paragraph are a direct result 
of the general law of the Conservation of Energy.' We can transfbnn 
mechanical energy into electrical energy or vice versa ; or, we can trans- 
form the energy of electrical currents (Sowing under one pressure into 
the energy of electrical currents flowing under another pressure ; but in 
b energy must be put into the transforming apparatui 
mo, motor, Ruhmkorff coil, or transformer — as is 
b^ready seen that the useful " output " of electricid 
hialler than the " input " by a certain percentage of 
b has been changed into useless heat. 
' Article III. 
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PROBLEMS 



A. A coil, conliining ta iron core, has 500.000 lines passing through it. Whes 7 
tbu coil li [iiuhed into another coil of 100 tarns at a fixed ipeed >n average prenuie 
»( ; nilU it induced. How many lurna must the lecondary uoil have in order Ihit 
the iiduceil pressure may be 100 veils? /ins. 2000 turns. 

B, Id Id induction coil having 200a turns on the secondary the average allernat- 
ing pnsture induced is 500 volts. IIuw many turiu must the secondary have in order 
tlol I'M, tooo, and 10,000 volts may be induced? /Ini. 400, 4000, 40/MO turni. 

I. If work equal to 30 watts for one second ia transferred from a primary coil to 
; itiundiiy coil «hile Ihe former is being pushed into the Intiet as described in 
' loiple A, how many foot pimnds of work must be expended in pushing ibc 
■:iiiarj coil, provided that no appreciable lusses occur in the transformation ? (Aid: 
Vi;ili' the Uw of ihe conservation of energy.) -Vnr. 22.1 (approi,). 
/'. If loo walls arc ohlained from the seci>ndaTy coil of a Iranaformer, how many 
.''■i tnuit be pat into the primary, supposing the losses of tranaformation equal 
I- j«cenl of the input ? Ahi. hi wfttts (approx.), 

142. Self-induced PreaaurcB. — A varying current may have an in- 
■:.-tive cffeci upon the coil in which it flows itself, in addition to its 

■ iiictive effect upon adjacent conductors. When a current is started 
. 1 coil it sets up a magnetic field which quickly grows front zero to its 
il vilue. As the field grows, its lines of force cut the turns of the coil 

■ il induce in them an electric pressure which opposes the growth of the 

■ .-rent. On slopping the original current, its magnetic field quickly 
-: away and the lines of force again cm the turns of the coil, but this 

' lie la sttch a direction that the self-induced electric pressure upholds 
■'- original current. If the coil has a great many turns wound on an 
' m core, it.s Self-induction may be of suflicient magnitude to make a 
rlijant spark or give a severe shock when the circuit is broken. The 
■itfc at breaking a circuit is often spoken of as caused by the extra 
"^ent of sflf-imiuction. The effect of self-induction is made use of in 
nulled Spark CoiU, which are used with devices for lighting gas by 
'itttricity, and which consist simply of a coil containing many turns of 
I UBiUied wire wound on a core of iron wire. The effect of self-induction 
^ilua itself evident if the circuit of a single battery cell is broken 
'f'ten tlie hands when the circuit contains a spark coil, telegraph 
ri^lrameni, or other electromagnetic coil. 
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143. Ifatnd AttnctiM ar BcpaMoB rf Unite OmJU. — TV^^ 
bet that a condactot canyiDg an el e c tri c cnoK it ^njs sMmnde^' 
by a mapietic &eld ' woold lead OS u e^eet oooAkSovs cmyBg dean'^ 
cnrreBU to attract and repd eadi otbcc Has ii tsdeed de bet. W^^ 
hare alreadjr lecn that solefwidi act tovaids atii otfaa eaacll y a^ 
thoQ^ tbcr werr magnets.* In erci3r case we hav^ 
learned that, where D^^nets or soleooids are bron ^ C 
into each other's infineBcc, they tend to move so thaC 
ibeiT lines of farce ihaB be placed panflel and ia the 
same direction. Exactly the Bate is tive of strai^ 
or currcd wites which are tvot^ii into each other's 
inflaence. RemeioberiDg this, w« can see that Arw 
»!><-/ fying side hy tide must attract eaei oAer if tkey 
carry furrentt fl^nmng im At same £rtclian. This is 
because the lines of force can ooljr become paralld 
and of the same directioo wfaen the two condoctois 
arc very close together. Wktn Su eurrents fiaro in 
opposite direetioHs the wires repel each o&er. In the 
same way, if the wires are inclioed to each other ihey 
teod to turn around into such a position that the wires are parallel and 
the cuncnW flow in the same direction (Fig. 77). This principle b 
used in the design of electrical measuring insirunaents, such as are 
described amongiit others in Chapters XI and XIII. 



M indue Fd ii 



3S. How can > 

39, When the 
dircctioBl of the < 

40, Ulhe curr 
ia Ihe tccmdar}'? 

41, Wbal i* muliul induElion? 
41. What ue induced currenU 
4j. What ia an iniluctioo coil? 

44. Why is an irun core uied ii 

45. Why it (he cote of an indu< 

1 Chapter tX 



QUESTIONS 

Indnced pretturc be lel up nithoal any mechanical moTCmeDl? 
menl ii made and biokcn in a prinuuy coil, what ue the TclatiTC 
the secondary? 
.ue in the primary coil, wiU a ptcisutc be indoced 




ELECTROMAGNLTIC INDUCTION 

46. Wbrti»»Buhmko.f(coU? 
I 47- WIiU ii a Iransrotmer? 

4& How can a high or low ptessare be obtained by meani of Induction coQi? 
49, Gire the two rules showing the rel»Iive ditectioD* of the induced tnd indi 
nntnlt in movable primary and secondary coils. 
SO- Give the rules as in Queuion 49 wh«n the two coiU are Rxed. 
Jl. If ■ priniaiy coil carrying a current is pushed into the secondaif, wIS 
i><hiwd funent be in the same direction as if the coil was first pushed in and 
pflDiaiy cnnenl was then started ? 
ii What ii Lenz's Law? 

$J. niostrate the application of Leni's Law to a pair of movable and « pilr 
■Knlly fixed induction coils. 

54. If a conductor forming part ofa circuit is taken in the hand and 
iCRMi the field ofa strong electromagnet, uhal will happen? Why? 
' 55. In what way does Lenz's Law follow from the law of Ihi 

56. Will more energy be put into the primary coil of an induction coil when the 
secondary is closed than when it is open? Why? 

57. Does it take more work lo thrust a coil carrying a current into another when 
Ibe Utter it connected lo a closed circuit, than if its circuit is open ? 

5S. What is a self-induced pressure? 

59. Why is there an extra current of self-induction when a circuit is broken? 

60- What is a spark coil? 

6t. U'lien ■ current is building up, does the self- inducted pressure aid or impede 
tbe original current? How is it when a circuit is broken? 

6i. Does Lenz'* Law apply lo cases of self-induction? 

65. Do currents which flow in the same direction in adjacent wires lepcl c«cb 
other ? Do they attract each other ? 

64- Do currents which flow in oppodtc direclloiu in adjacent wires repel e«cb 
other? 



CHAPTER XI 

GALVANOMETERS AND VOLTAMETERS 

144. Galvanometers. — Instruments for detecting and measuring el 
trie currents, the indications of which are dependent upon the deflect i^^ 
of a magnetic needle caused by the magnetic effect of the curr^^^ 
flowing in a coil which surrounds the needle, are called GalvanometeJE^' 
These instruments are made in a great variety of forms, and are widi^^/ 
used for measurements in shops and laboratories. 

In most forms of galvanometers the magnetic needle is placed at tb^ 
centre of a coil of wire. This coil may have a great number of turns of 
fine wire, in which case the galvanometer is " sensitive," — that is, the 
needle is appreciably deflected by a very small current ; or the coil may 
have but few turns of thick wire, in which case the galvanometer is in- 
tended for use with comparatively large currents. In some cases the 
coil of the galvanometer is placed so that it stands in an exact Dortii 
and south position (that is, in the magnetic meridian) like the needk. 
The njagnetic force due to the coil, which is at right angles to its wire,* 
is then at right angles to the magnetic force of the earth and also to the 
length of the needle. When the coil is in this position, a current in the 
coil exerts its greatest force to deflect the needle. 

When a galvanometer is connected in a circuit, the presence of a cur- 
rent is shown by the deflection of the needle. The direction of the 
current is shown by the side toward which the north pole of the needle 
moves.* The strength of the current is indicated by the amount of the 
needle's deflection, since the position which the needle takes depends 
upon the relative magnitude of the magnetic forces due to the current 
and the earth.^ The earth's magnetism may be considered to be ap- 
proximately constant at any fixed position. 

1 Article I2i. ^ Article 122. * Article 12a 

156 
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148. T&ngent Galvanometer. — When the diameter of the galvanora- 
eier coi! is ver>- great campared with the length of the needle, the trigo- 
nrimeuical tangents of the angles through which the needle is deflected by 
■ rious currents are proportional to the currents. Such a galvanomct 

; frilled .1 Tangent Galvanometer {Fig. 

I ■■ 1 Other galvanometers in which the 

' 'i-.l is moved so ns to bring the needle 

^'itlt lo zero (Fig. 79), are called Sloe 




a.— Tang. 




FiG.79.~sim 



^»»aometerB, because the trigonometrical sine of the angle through 
'f^ii'h the coil is moved is proportional lo the current causing the 
''-'^Wtion. In some rough galvanometers a pointer is attached to the 
"'<^d!e. and the deflection is read off on a divided circle, over which 
"■'- poinier moves. The circle of such a galvanometer is usually 
'■'■■ifcl uniformly in degrees. 

^W. Reflecting Galvanometers. — For exact measurements, so rough 
^ lieihod of reading deflections is not sufficiently accurate, and Reflecting 
^*lrtnometerB are used (Fig. 80). A small mirror is attached lo the 
"'agnci m these, and the deflections are read ofi" by means of a small 
■^'wcope through which a reflection of a stationary scale is seen in the 
'"irrur. When the needle moves, the mirror moves with it, and the reflec- 
'"n of the scale as seen in the telescope appears also to move and the 
Reflection of the needle is thus determined. Instead of using a telescope 
B iCtle, as is usually done in America, a lamp and scale (Fig. 81), 
In this case a beam of light from a lamp wUd^^laced 




- T^taWk 



GALVANOMETERS AND VOLTAMETERS 



159 



ControlUng Magnets. — It is often convenient to make the needle 
SDometer independent of the direction of the earth's magnet- 
o vary the strength of the Directive Force, that is, the force 
^ds the needle in the magnetic meridian. For this purpose 
leiers are generally arranged with one or more Directive Mag- 
Controlling Magnets. One is shown as a ciiried iiar placed on 
bove the galvanometer of Figure So. By varying the [wsition of 
tt with respect to the needle, the position of rest taken by the 
Hiy be controlled as desired, and the galvanometer may be set 

1 position. 

fcatatic Needles. — In order that a galvanometer may be made 

itivc, it is desirable to make the controlling force very weak, — 

cases much weaker than that 

jc earth's magnetism. Consc- 

the effect of the earth's mag- 

Biust be overcome. For this 

what are known as Astatic 

arc used. These consist of a 

leedles of practically equal size 

pietic strength which are fas- 

a. light thin wire, one above 

T, so that their north poles 

In exactly opposite directions. It 

di to arrange a coil of wire for 

leedle, so that the galvanometer 

coils, and the mirror may be 

^ to any convenient part of the 

ling wire (Fig. 82), In some 

needles arranged AstatJcally, and 
oils. 

Forms of Needles. — The forms 
;h galvanometer needles are made 

rious. Some needles arc in 

a partially split bell, one side 

the south pole. Other 
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a slit in front of the galvs 
I scale, where it shows as a spot of light. 



WheiftJ 




along thi. 
tude of 



147. :. 

of the T. 
wrought I 
set wilh .1 

finest pivot, however, is so great that .' 

fine galvanometer, so that in all fine j; >' 

pended by means of a Fibre which J ■ 

si/A. This fibre must be strong enoH; 

needle with its mirror, but it should ho 

. not oppose the least force against tb' 

needle and mirror are usually made a; ■ 

ing fibre is sometimes so fine that it t.r 

of the Suspension varies from a small I: 

'Fibres arc now often made from ve~ 

Ibeen melted in a blowpipe flain'- 
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1-beai by surrounding the needle with 
^Hg to the suspension fibre small 
ft enclosed in a small chamber. 

- In order that a galvanometer may be 
tectric currents in amperes, the Constant of 
lown, or the galvanometer must be Calibrated 



la galvanometer bear some fixed relation 
Sections, it is said to have a Constant. For 
I langent galvanometer, the current which 
Jbf the needle is given in amperes by multi- 
langle of defection by ihe constant of the 
a tangent galvanometer may be directly 
b circular, and its diameter and number of 
the earth's magnetism are known. The con- 
ped by passing a current of known strength 
■and observing the deflection. The needle 
r moves through so small an arc that the 
e taken to be proportional to the current ; 
with D'Arsonval galvanometers. Tke 
BStances, is Ihe amount of current required 
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FlO. 84. — CaJibraiion Curve of it Galvanomelet. 

sngths must be passed through the galva- 
jbseived. These observations ma.y be set 
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down in a table, so as to be used in future work with the gal^rkuumcwiij 
or the observations may be platted in a curve on cross-ruled papcu 
Such a Calibration Curve is often convenient, since the value of a — 
rent corresponding to any deflection may be at once determined fiotf 
it. A calibration curve is illustrated in Figure 84. 

When galvanometers are used simply for the detection of current^ 
for comparing the relative magnitudes of currents, as is frequently the< 
calibration is unnecessary. ^ 

PROBLEMS 

A. A deflection of 200 divisions is caused by sending xx>i of an ampere tliRNl||l.-- 
a reflecting galvanometer. If the deflections are proportional to the current^ 
the galvanometer constant? Afts, .000005 of an ampere. 

£, A reflecting galvanometer and resistance box in series haye a total 
of 100,000 ohms. One volt pressure causes a deflection of 100 divisions on the fidk 
vanometer scale. If the deflections are proportional to the current, what is the 
stant of the galvanometer? Ans, .0000001 of an ampere. 

C A certain current causes a deflection of 100 divisions on a galvanometer 
If the constant of the galvanometer is .0001, what is the current? Ans, .01 of Ift 

ampere. 

Z>. The total resistance of a circuit containiqg a '^ 
galvanometer is 1000 ohms. The constant of the gjA*- '] 
vanometer is .0001. If the galvanometer is deflectiA ' 
100 divisions, what pressure is impressed upon te 
terminals of the circuit? Ans, 10 volts. 
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Fig. 85. — Galvanometer and 
Shunt. 



154. Galvanometer Shunts. — It is often d^ 
sirable to be able to use a sensitive galvanom- 
eter for reasonably rough measurements, and- 
thus avoid the duplication of expensive instm* 
ments. For this purpose the galvanometer 
may be Shunted,^ by connecting any desixed 
resistance across the terminals (Fig. 85) i*' 
such a way that the currept of the circuit wB* 
divide between the galvanometer coils and disi 
Shunt. As a rule, it is desired to make thi 
division of current in some even ratio, as x : 9» I 
I : 99, 1 : 999, etc., and then the 

^ Article 10^. 
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e shoQt must bear the proper ratio to the resistance of the galva- 

etet windings. Suppose it is desired to make a shunt of such 
tance that its use will cause exactly one-tenih of the total current lo 
through the galvanometer, then nine-tenths of the current will flow 
Qgh the shunt. By the laws of divided circuits ' the resistance of 
shunt must be one-ninth of the resistance of the galvanometer. 
;o the resistance of the shunt is one ninety-ninth of the resistance 
he galvanometer, one-hundredth of the current will flow through 
latter ; and when the shunt resistance is one nine-hundred-ninety- 
h (j^) of the galvanometer resistance, one -thousandth of the cur-' 
t will flow through the latter. 
Galvanometers usually have corresponding shunt boxes sold with themj ' 
ch have Ihree coils, respectively marked |, ^, and -pfj. When the 'J 
nt box is connected in parallel with the 
'loomeler, either of these shunts may be 
:ed in the circuit by means of a plug, or 
shunt circuit may be entirely broken, 
en a shunt is plugged into the circuit, 
rh- O'' ToW P^'^ of 'he whole current 
■s through the galvanometer, depending 
n the position of the plug. Figure 56 
ii a common form of shunt box, and 
lire 85 shows the connections of the gal- 
Dmeter and shunt box. When the plug 

Mertcd in either of the holes marked C, the corresponding shunt 
onnected in the circuit, 

PROBLEMS 
'' A galvanomeler hns a tnistance of 1200 ohmsi it ii dcsiicd to ihunt it s 
nilr .001 of (he total current to l>c measured hiII pass through it. What muit 
be [distvice of the shuDt? .4x1. (.ZOII ohini (approx.). 
'. A e«l*«ni)meler, in which Ihe deflections ite ptopottioi 
ncd 100 scale divisions by I tpilliampere. What is the sttengtb of a current 
:1icaiisei ■ deflection of 150 divisions, when the galvaoometer is shuoted bya ^ | 
0? Ani. 150 milliamperes. 
'. A Eilvano'n^er, having > constant of .0000; of an ampere per division, showt ' 
txling of 300 divisions when shunted by a ^f shunt boi. What t 
'"t^ Am. 10 ■mpnei. 

'Artkk 10.^. 
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D. A lictlcction of so divisions it caused by Knding .001 o{ >d 1 
k [eUect'og gaivanumcter, Hlii.;h ii shunted by a } box. If the deflections ice |>n^ 
portionai to the current, what is the ealvanometet constant? .4x1. .000005 "' M 
ampece. 1 

155. Voltameter. —* An instnimeDt for measuring currents b^ meaiUl 
of iheir electrochemical action, which is often used in calibrating gil-i 
vanometers, is called a Toltameter. We have already seen that chemi-j 
cal action goes on in a battery cell or electrolytic vat,' when a current it; 
passed in either direction through the cell, and that the amount of tt 
action is proportional to the number of coulombs of electricity pasi 
through the cell. The chemical action in a voltameter is similar 10 tl 
which takes place in a voltaic cell, but both plates are of the sanrt 
material, and there is, therefore, no tendency to set up a current due COJ 
the direct action of the cell.' 

156. Water Voltameter, — The earliest form of voltameter ii 
which sulphuric acid, greatly diluted by water, is electrolyzed,* This tS 
called a Water Voltameter. A form of water voltameter is shown ii 
Figure 30. ^Vhen this is to be used, diluted acid is poured into il: 
funnel C, at the back, and rises to the lop of the two arms, AS, i" 
front, if the stopcocks at their lops are open. After the tubes are fillwj 
the cocks are closed, and the current is passed between the plallnuoh 
electrodes, J^E. The electrochemical action set up by the currenfl 
causes oxygen to go to the positive pole or anode, and hydrogen lo CT 
to the negative pole or cathode. The gases rise in the tubes abov^ 
their respective electrodes and displace the water. The direct aellOBJ 
of the current causes a decomposition of the sulphuric acid in the vaJffi 
but additional chemical action is set up by the decomposed sulphnllfl 
acid, which makes the total action equivalent to the decompositioo <fl 
water. j 

Water is composed by bulk of two parts of hydrogen to one part l] 
oxygen, and consequently the tube over the cathode collects twice ii 
much gas as that over the anode.* If a steady current Is passed thioun 
such a voltameter for a given number of seconds, the strength of «* 
cuirent can be determined from the amount of gases collected B|Q 

1 Chapters IV and V. > See Articles 6i anil 66. ^^H 

> Chapter V. • Article 66. ^^H 
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(BCOnd. For, the number of coulombs of electricity passed through the 

«ftt«meter is determined from the amount of the gases collected and 

'" "r electrochemical equivalent.' The number of eoulombs passed 

'^h the <ircutt {tr second is egual to the current in amperes. 

157. MeUl Voltameter. — .\ water voltameter is not a very con- 

> ictucnt or satisfactory instrument, and voltameters in which the electro- 

jtoB are solutions of the salts of metals are preferred for actual 

ireinents. When such a solution is Electrolyzed between plates 

(f the meial contained in the solution, the solution is decomposed ; 

Af metal /rom the solution goes with the current to the cathode where 

deposited, and the acid part of the compound goes to the anode, 

•hicfa it attacks, and with the metal forms a new portion of the com- 

imnd, which is dissolved in the solution. The cathode should, 

ftcRfore, be expected to gain exactly as much raelal from the deposit 

It the anode lo*es by the attack of the acid. 

This would be true if no chemical action occurred except that directly 
ausni by the current. It is a fact, however, that the character of a 
deposited metal often varies with the strength of the current by mean? 
of which it is deposited, or with the strength of the solution used as the 
tlectrolyte. Copper is sometimes deposited in the form of a black 
jwder instead of a smooth, bright layer of metal. Silver is often 
deposited in crystals which build across the electrolyte between the 
(tetrodes. Tin forms a " tree " of tin crystals, when deposited from 
a on chloride solution, the branches of which spread out from the 
tkOiode through the solution. The greatest care must, therefore, be 
oifd to get satisfactory measurements. The direction of the current 
ihould be determined by a compass needle before the voltameter is 
phctd in the circuit. 

The loss of the anode is seldom as reliable a measure of the current 
u the gain of the cathode, because bits of metal are liable to be 
loosened from the former and fall off, and the anode also often suffers 
&om oxidation. 

158. Silver Voltameter. — When a Silver Voltameter is used for the 
measurement of a current, as is assumed in the definition of the 
ampere,' the electrolyte is a solution of the Nitrate of Silver of fixed 
^ » Artide 96. 
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r M ^mmm bowl upon which the til 
I WK « ftut of pure silver, whict 
m laf i3¥er from dropping on to 
s lo be made, the calhc 
rmC^b ^■■bb b tbea poured into it and i 
tktt-^aac X tDtaed on and coDtinued fo) 
■^■k fe X Ato stopped, the cathode 
^H^mi inaitf Again weighed with great ca 
^ as SMC ^ inurent flowed, and the elect 
^■s *c ^OK M the current is determiaed. 
ar^*— ^ — On account of the expei 
L ^^ ae ^3i« required tti using a silver volta 
■Honag currents exceeding about o 
1 ajtanctet haWng copper plates, and 
cgacnuhtc, b generally used. A g& 
t .-»pp0 sohjtion has a density betwe 
w > dwJionieler, The action of t 
a Oif a small amount of sulphui 
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PROBLEMS 

A, How much weight in giammes would the cathode of a silver vollanielcc |!ain 
Bieimiit of exactly I ampere flowed through il for i hour? ^ns. 4.0*5 (appron.)- 

B. A CDttcnt flowing Ihcuugli a coppci vultanieter for 100 miuutes increased the 
•d|hl of the cathode I o gtamtncs. What (faa the average current flowing? Ans. 
Sfljtmperes (approi.). 

C An Edison line voltameter, after being on a hoiue -lighting circuit for 1 month, 
*u (mnd tu have deposited I5^J grains of line upon the cathode. How tnany 
■apeic boats (an smpcre hour is an ampere flawing fur an hour) had been con- 
xncd during (be month in lighting the house if gf;lh of the total current passed 
IkDightbc roetet? Mhs. Soi (approx.). 

QUESTIONS 

I. What is a galvanometer? 

3. What is a lensitive galvanometer? 

3. Why are a large number nS turn; used in galvanometers for meaiuiing small 
'•neali.and a small number of turns in galvanumctcrs for large currents? 

«■ Why a it duirable to have ihe resistances of galvanometers for measuring large 
*"lnW very low ? 

S- Why does a galvanometer coil act with the greatest force upon its needle when 
"xcoil»Ui(ls in a north and south plane? 

*•■ How can the direction of a current be found by a galvanometer? Its strength? 

7- Wbil is a langenl galvanometer? 

° What is a sine galvanometer? 

■)■ Wbal U a reflecting galvanometer ? 

'"■ Eiptain the use of the lamp, telescope, and scale in a reflecting galva- 

"• How are galvanometer needles suspended or supported? 

12- What is a '■ directive magnet '"? How is it used? 

'3. WT.11 are aSUtic needles? 

'4- Why ate astatic needles used in galvanometers? 

'S- Hum are galvanometer needles made? 

16. Whal is a D'Ars.-inval galvanometer? 

'' Hu» aie D'ArsoQval galvanometer coils supported? 

'^ Gjic two advantages tn favor of D'Arsonval galvanometers. 

'9- Wlnl is a "dearf-beat" galvanometer? 

"' Bu» are galvanometers made dead-beat? 

"■ ^tst is a ealvanoineter constant? 

"■ Whal a a galvanometer calibration curve? 

'3' Hnr can a galvanometer calibration curve be obtained ? 
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24. If the deflections of a galvanometer were directly proportionml to the currents, 
how could the relative strengths of two currents be found? 

25. What is a galvanometer shunt? 

26. If it is desired that one-thousandth part of a current to be measured shall 
flow through a galvanometer, what ratio must the resistance of the shunt bear to 
that of the galvanometer ? Why ? » 

27. How can a sensitive galvanometer be used for measuring large currents? 

28. What is a voltameter? 

29. How can a current be measured by means of a water voltameter? 

30. Describe the action in a metal voltameter. 

31. What is likely to happen in copper, silver, and tin voltameters if the current n 
too strong, or the strength of the solution is not right? 

32. How can a current be measured by a metal voltameter? 

33. In measuring the current by a metal voltameter, should the change in the 
weight of the anode or of the cathode be used? Why? 

34. What is a silver voltameter? How is it used? 

35. What electrolyte is used in a silver voltameter for determining the Inter- 
national ampere? 

36. Tell how you wouM measure currents by copper and zinc voltameters. 

37. What is the numerical value of the electrochemical equivalent of silver? 



CHAPTER XII 

MEASUREMENT OF ELECTRICAL RESISTANCE 

160. HeMurement of Resistance by Substitution. — All useful melhods 

K«f measuring eleclricai resistance depend directly upon the indications of 

f Ohm's Law. The simplest method of measuring a resistance is by what 

s called Substitution. The resistance to be measured is connecied in 

s with a galvanometer and a constant battery,' and the deflection 

IOmeter is noted. Then the unknuwn ri.-sistance is removed 

n the circuit, and a Variable Resistance Box or Rheostat (Fig. 87) ia 

mbstimted for it. 

resistance of 

resistance box 

Q adjusted un- 

the 

r deflection is 

s before. 



the 




1 in the circuit 

of the box is equal to the unknown resistance, because the g. 
IOmeter shows that the same amount of current flows through the 
a the two cases, and the total electrical pressure acting in the 
the same in each case, and consequently, according to Ohm's 
w, the resistance of the total circuit must be the same in the two 
is necessary that no changes be made in the circuit during 
Sie process besides the substiwtion of the variable known resistance for 
the unknown one. 

161. Resiatance Boxes. — Resistance boxes of the character referred 
to in the last article are generally boxes containing spools of silk-covered 
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iaresislance box is connected in a circuit when all the plugs 

^removed, ihe current flows through all the resistance coils in series. 

KO/ the plugs is inserted in a hole, the corresponding resistance coil 

Ot-ciRllitei], that is, a negligibly small resistance (that of the plug) 

ected in parallel with it, and no appreciable current flows through 

Since the resistance of the plug is practically negligible, the 

i the circuit is reduced, when the plug is inserted, by the 

eresisiance of the corresponding coil. The resistance of a 

fcfore, be varied at will by simply inserting or removing 

; boxes generally have a series of coils of dilTerent resist- 

ly given in tenths, units, tens, hundreds, etc., of ohms. 

<1 adjustment by the manufacturer of the coils of a fine resisl- 

) that they may all have the right resistance, is a matter 

I great care. It is effected by soldering more or less of the 

d ends of the wire together after the spool is mounted in its box. 

It the adjustment may be made in this way ii is necessary that 

isistance of the coil when wound on the spool shall be a little greater 

e desired final value. Great care must be taken when adjusting 

id errors due to the temperature of the coil changing, since 

e likely to become heated by the soldering. 

. Wbeatstone Bridge. — The measurements for determining the 

e of the coils are made by what is called a Wbeatstone Bridge, 

nieatstone, an Enghsh scientist and inventor. This consists of an 

t of resistance coils which are used in a combination with a 

tj and galvanometer, as shown diagram mat leal ly in Figure 90. In the 

A, B, and R represent resistance boxes with coils of known re- 

; J(r is the resistance to be measured ; F and G are a battery 

[alranometer ; K^ and K-. are Keys placed in the circuits with the 

y and galvanometer, by means of which the circuits may be made 

roken ; M, N, O, and /"are points where the various Bridge Cir- 

e connected together. 

, Heosurement of Resiatance by Wbeatstone Bridge. — From an 
alion of the law of the fall of potential along a resistance as deduced 
n's Law,' it is easy to see how the resislajice of the coil X is 
■ Article 106. 



1/2 



ELECTRiaTY AND MAGNETISM 



determined by this device. Suppose the Battery Key Ki (Fig. 90) is 
depressed, then the current flows from the battery through the key to 
the point P. Here it divides, and part goes to O by way of M^ and the 
other part by way of N. From O the current returns to the battery. 
The points P and O are at a certain difference of electrical pressure 
(which we call E) that depends upon the battery, and the fall of press- 
ure from Pio Ohy way of either M ox N is equal to E, The fall of 
pressure between P and M is (according to the law that the fisdl of press- 

X 

ure is proportional to the resistance passed over) E — — 7 where x and 




Fig. 90. — Diagrammatic Illustration of Whcatstone Bridge and its Connections. 



b represent the resistance of the branches of the bridge X and B re- 
spectively. In the same way the fall of pressure between P and N is 

r 
equal to E where r and a represent the resistances of R and A. 

If the fall of pressure between /'and M is greater than that between 
P and N the point M is at a lower pressure than N^ and if the Galva- 
nometer Key A'o is depressed, a current will flow from N to M through 
the galvanometer, deflecting the needle. Now, if the resistance r is 
increased until the fall of pressure between P and N is the greater, a 
current will flow from M to N when the galvanometer key is depressed, 
and the needle will be deflected in the opposite direction. 
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: ioally, if ihe resistance of r is so adjusted by arranginf; the plugs 
t the (all of pressure between P and M is equal to ihc fall of pressure 
.veen /*an(I A', the pressures at the points M and N are equal, and 
I ntrem will flow through the galvanometer when the key is depressed, 
1 the needle will not be deflected. The bridge is then Balanced. In 



= R- 



r^a 



I, what is the same thing, 



That is, thf unknown resist 
mltiplitd by Ihe resistance 
the form of a proportion this may be written 
ta b as r is to i 



'/^^ 



From this proportion we get x^r- 
ef X isefuai h the resistance of JR. 
ihideJbytkalt>/A. Put ii 
* X is to ras b . 

The solution of either of these proportions gives the results presented 
»bo»e. Ifaandiiare equal, and the bridge is balanced, /-must be equal 
tuj:, so that the resistance of the unknown Branch or Ann of the bridge 
is given at once by the resistance of the coils in circuit at R. The resis- 
tance of A, in Fig. go, is ten times as great as that of B, and therefore 
tlw resistance of R is ten times that of X, and x is therefore equal lo 
1 5 ohms. If the resistance of B had been ten times as great as that of 
■I "hen the bridge was balanced, R would have been one-tenth as great 
-' X instead of ten times as great. The arms A and B are generally 
'led the Ratio Anns of the bridge, and R the rheostat. In measuring 
rcistance it is well to begin with the ratio arms of equal resistance, 
■ iriging their ratio lo -^, -j+ni ^t^^-i ^ 's shown to be desirable as the 
'-i--LiLKing proceeds. If it is found that the unknown resistance is of 
' n\ value, the bridge arms should be of as low resistance as will give the 
'-.fded ratio, while for high resistance the opposite is true. 

PROBLEMS 

A. Snppme b tesntaDce ii to be meuured \iy > bridge, and after the bridge It 
inccilthechniMit resistance (^) reads 15.6 ahais, while Ihe ratio anna are 100 
10 10 (Jj, whal is the value of the unknown resistance? Am. 1,56 ohma, 

B. Suppose R readi 26oc^ and A anil B are lo and 1000 rGspcctivelj wl 
balance 9 obtained, what is JT/ Ant. 26c^ooo uhma. 
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calculated from the ratio of the two deflections and the value of the koan 
resistance. This is a modification of the substitution method described 
at the opening of this chapter. The known or Standard ResisUmfie if 
usually from 25,000 to 1,000,000 ohms in resistance. One million ohm^ 
is called a Megohm, the prefix " meg " coming from a Greek word mean- 
ing great. j 

170. Use of Shunt Boxes. — The insulation resistances of wim 
and cables that are measured by this process are frequently as gretf 
as thousands of megohms, so that it is necessary to use a very fiae 
galvanometer to get readable deflections through them, and the gd-; 
vanometer must be shunted^ when a deflection is taken with it- 
standard resistance in circuit. Galvanometers usually have correspood-^ 
ing shunt boxes sold with them which have three coils marked respcc-- 
tively ^, ^, ■^, When the shunt box is connected in parallel with the ' 
galvanometer, either of these shunts may be placed in the circuit by 
means of a plug, or the shunt circuit may be broken. When a shunt 
is plugged into circuit, ^, y^^, or jj^qj^ part of the whole cunait 
flows respectively through the galvanometer. 

As an example, suppose that it is desired to measure the insulation r^ 
sistance of an electric light cable one-half mile long ; a fine galvanoID^ 
ter, a testing battery of 200 cells, and a standard resistance of one-hatf 
a megohm being available. When connected up and shunted by the ^ 
shunt, the galvanometer gives a deflection of one hundred scale divi- 
sions. Then its constant, or the resistance of the circuit in megohms 
which would be indicated by a deflection of one scale division when the 
galvanometer is not shunted, is 100 x 1000 X ^ = 50,000, since 1000 is 
the multiplying power of the shunt and ^- the value of the standarf 
resistance in megohms. Now when the standard resistance is re- 
moved from the circuit and in its place one end of the circuit wii^ 
is attached to the conductor of the cable and the other end to th< 
ground, the reading of the galvanometer without a shunt is, we will si^! 
for illustration, 50. The insulation resistance of the cable is ^ ^^f ^ = loO 
megohms. 

The insulation resistance of a similar cable for a length of one mil 
is 500 megohms, since the cable which was measured is one-half mil 
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vug and the paths for the current to lealt out of the two half-miles 
which constitute one mile are in parallel. 

Other methods of measuring high resistances and special methods of 

measuring very low resistances are sometimes used, but they need not 

rccdve attention here. 



PROBLEMS 

. Sappose a gilvanometer of oegligible resiBtincc withoul > shunt gives a deflec- 
of 100 when counseled in srrica with a baltciy nad standard resisunce of 
xa ohno. If the deflection becomes 25 when an unknown r 
^fJ, what is the gaivanomctcr constant, and what the 






AO!^ 



8. If in place of the si 
Ui intutaletj telegraph line ai 
ddrction becomes jo, what i: 



,cgohn 



tbc imulBtioQ 



terminals of Example A one end of 
to the ground be substituted, and the 



of li 



IE? AhS 



when used with a cer 



1 battery has 



C. A gilv 
DCEuhms. If 
•hni 1 ^ sbuDt a used, what is the resistance? Am. 2 megohms. 

D. Sappose a reflecting galvanometer shunted with the jj, shunt givci 
IiUD of So when using a certain battery, the standard resislance being 5,0 
t&cn tBppose the deflection is 130 with the \ shunt when a certain resislani 
HilBtRl for the standard, other things being unchanged, what is the vali 
MMaoce? Ani. J megohm. 

£. If Ihe battery and galvanometer of Example D be connected tc 
nkDown resislance and Ibe deflection becomes 50 when ■ -^ shunt 
V il the resistance? Ans. 8o,ooo ohms. 

iX A galvanoinieter of 1000 ohms resistance deflects aiie division wbei 
pis*«s through it : what is the cesislance of a coi! which 
it and a battery of z volts pressure, if the deflection then is 
Bj, 39,0130 ohms. 



1 deflec- 



another 



s placed 



. Volt and Current Method of roeasuriag Resistance. — The state- 
h of Aiticle 92 make it clear that the resistance of a wire may be 
Mculaied from Ohm's Law, provided that we know the pressure across 
lit terminals of the resistance to be measured and the current passing 
Imugli it The formtila is 

1=1 
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f and cominoQ metbod. A voltmeter is u 
and an ampmoKler (or mcasonng the t 
s showD in Figure 95. Tbc nKthod »nd 
n a later chapter. 
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12. 'When Ss a bridge said to be balanced? 

13. What proportion must the resistances of the bridge arms have in order that 
die bridge shall be balanced? 

14. If the galvanometer needle deflects to the right when the fall of pressure is 
girealer in R than in X, what will happen if the fall of pressure in X becomes the 



15. When a bridge is balanced, what is the unknown resistance x equal to in 
teems of the resistances of the other arms? 

16. What are the ** ratio arms " of a bridge? 

17. When the ratio arms A and B are equal in a bridge, why must R and X be 
ecpud when the bridge is balanced ? 

18. If ratio arm A (Fig. 90) is ten tiroes larger than B, what will be the relative 
iiiea of R and X when the bridge is balanced? What if ^ is larger than A ? 

19. Describe the post-office pattern bridge. 
aoi What is the temperature error in a bridge? 

21. How accurate can bridges be made? 

22. Describe a testing set. 

23. Why should the battery key of a bridge be depressed before the galvanometer 
key? 

24. What is a meter bridge? 

25. How is a meter bridge used ? 

26. What is the slide wire in a meter bridge made of? 

^* Why is a meter bridge especially desirable for measuring low resistances? 
^ Huw may insulation resistances be measured? 
^ What is the use of a shunt in measuring very high resistances by means of 

^fdnnometer? 

P* How can a high resistance be measured by using a galvanometer, when its 
***wt, as explained in Article 153, is known? 

31. Should a galvanometer have a great or a small number of turns for measuring 
%b resistances? For measuring low resistances? Why? 

52. How can the resistance of a circuit be determined by measurements of current 
iiuf prevure? 
5J. When is a coil or circuit ** short-circuited " ? 



CHAPTER XIII 

MEASUREMENT OF ELECTRIC CURRENTS AND PRESSURES 

172. Principles of Instruments for Current Measurement. — We have 
already seen that electric currents may be measured by taking advan- 
tage of three different and independent effects of the current These 

are : — 

1. The electrochemical effect 

2. The magnetic effect, 

3. The heating effect. 

By taking advantage of the first effect we may measure currents by 
the use of voltameters;^ as a result of the second effect we measuic 
currents by means of galvanometers ; * from the third effect we may 
measure currents by means of the expansion of a wire which is heated 
by the passage of the current through it.' 

Voltameters, as said in Chapter XI, are principally used for calibrat- 
ing galvanometers or for similar purposes, as they are not sufficiently 
convenient for general use. The liquid must be kept fairly pure and of 
the proper density. Conveniences must be available for cleaning, dry- 
ing, and accurately weighing the cathodes. In order that a satisfactory 
measurement of the current may be made, the period during which it 
flows through a voltameter must be considerable. They have been found 
particularly useful for only one purpose in everyday measurements 
that is, as a meter such as was formerly used by many of the Edisoi 
Illuminating Companies.* Voltameters were used for this purpose 13 
the early days of electric lighting with incandescent lamps, and hav^ 
continued in use until lately ; but even for this purpose they have bee 
displaced by the excellent mechanical meters that are now to be had. 

1 Articles 155 to 159. • Article 112. 

* Articles 144 to 154. ^ Article 159. 
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173. Amperemetera and their Vses. ^ Nearly all our common instni- 
•ntnu for measuring currents depend upon the magnetic effect of the 
ciirren: for their indications, and are really modified galvanometers with 
pointers to show the deiieclions. 

Galvanometers or other instruments intended especially for convenient 

"ie in everyday measurements of currents are generally called Ampere- 

^■fun or Ammeters, because they measure amperes. Amperemeters 

nude Ln various forms, all more or less portable. Almost every 

imfacturer of dynamos ot other electrical machinery manufactures 

Jiiijieremeters which may be used in service with his machines. Ampere- 

MEters are universally used where electricity is used, and ihey are made 

W measure currents consisting of only a few thousandths of an ampere, 

"t MiUiamperes (miUi comes trom a Latin word meaning thousand), up 

i'le enormous currents generated by some of the larger electric Ijghl- 

: pbnts. reaching to thousands of amperes. In large electric lighting 

-i;a or works, many amperemeters may be seen mounted on the wall 

: jn a board among switches for controlhng the current. These are 

"1 lo show the dynamo attendants how much current is being gen- 

■ ici-l by the plant at any moment, and what proffortion is furnished 

■ -ich dynamo. 

^mperecneters are used in laboratories to determine the current used 
■■ aperiments, and to determine the amount of current used in the 
operation of electric lamps, electric motors, or other electric devices. 
Plijiicians use amperemeters to measure the currents used in the clec- 
firal treatment of their patients. For the latter purpose the currents are 
■mlly measured in milliamperes. The currents used in telegraphy are 
' usually measured in milliamperes, and the currents used in operat- 
"^- telephones are usually measured in Microamperes, or millionths of 
"operes {micro comes from a Greek word meaning small). Ampere- 
'"ttci^ that are specially made to measure thousandths of amperes, or 
""llumperes, are called Milliamperemetera. Externally, milliampere- 
"i-R look like ordinary amperemeters, to which they bear the same 
■''■Km that a very sensitive galvanometer bears to a similar but less sen- 
ile instmraent. Amperemeters measure the current Rowing through 
' ' :'cuii, and they are therefore connected in series in the circuit. 
ITL Hechsnism of Magnetic Amperemeters. — Thejg^||||g^al details 
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entering into the construction of magnetic amperemeters differ very 
widely. They may be roughly divided into three classes : — 

1. Those having soft iron parts which are moved by the magnetic 
attraction set up by the current in the coils of the instrument. 

2. Those having permanently magnetized parts which are acted upon 
by the magnetic force set up by a current in the coils of the instniroenty 
either the coil or the magnet moving. 

3. Those having no iron in their construction, but having two coils» 
one of which is moved by magnetic forces exerted between them when 
a current flows in both. 

The moving parts of amperemeters are usually mounted on pivots 
which are carefully wrought to reduce the friction to a small value. 

If the magnetic force caused by a current in the coils of an ampere* 
meter had nothing except the friction to overcome^ every current woold 
pull the pointer entirely across the scale to the stop. It is desirable to 
construct the instrument so that the movement of the pointer is propor"- 
tional to the current in the windings, and a proper force must therefore 
be arranged to hold the pointer back. This may be done by propoly 
Counter-weighting the moving parts, so that the magnetic force most 

raise them against the force 
of gravity, or by arranging 
a proper spring to oppose 
the magnetic force. Figure 
96 shows an instrument it^ 
which a curved core G o^ 
soft iron wire is drawn int<5 
a solenoid of wires whc*^ 
the current flows throug'to 
the winding. The weigh*-* 
of the moving parts of tb.^ 
instrument serves to kecj' 
the pointer at zero when a^^ 
Fig. 96. - Simple Form of Amperemeter. current flows. When a cu^-" 

rent flows, it exerts an a't:- 
traction on the iron wire core, which overcomes the effect of the weigl^"^ 
of the moving parts, the iron coie is attx9dctied into the coil a certaixi 
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iiiUnce, as illustrated in ihe Figure, an'l the pointer moves proportion- 
»U)'. This instniment evidently belongs to the first class. 
iDBlruraents of ihc first class may be clieaply constructed, and for- 
I otrljurere commonly made by dynamo builders for use in electric light 
I pbmts, 

Us. AmperemeterB uaing Permanent Magnets. — Instruments hav- 
ft iron in their moving parts cannot readily be made extremely 




'''^curate because the iron does not always respond equally to the same 
■'J^netic changes on account of its coercive force ; ' conse'inently instm- 

■ ■-Ills of the first class can only be used, as a nik-, wjiere great accuracy 
lot essential, It is sufficient for the amperemeters used in many 
■t^^'-tric plants to be correct within five per cent, and instruments of the 
'^1 dags serve very well. For testing which requires greater accuracy, 

""tniments which belong to the second and third classes must be used. 
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These can be made so thai iheir readings do not vary more tlu 
half of one per cent from true values when they are used with 
care. 

Figure 97 shows a Weston amperemeter, which is practii 
D'ArsoQval galvanometer with the moving coil mounted on pivots txi 
arranged with a pointer to piay over a scale ; and the whole is anangid;: 
in a very convenient, portable form in a self-contained case which 
shown in the fignre. This instrument is a reiiresentaiive of the 
class. A.4, in the figure, are the Binding Posts of the insirumeat 
means of which wires may be connected to the instrument. Large 
ffW run from these to the shunt £, an<l small wires Tfrw to 
aimature coil C This coil is mounted on pivots so that it may 
between the pole pieces of the permanent magnet MMM. When 
cturent flows through the coil it lends to tum so that its magnetisin 
may be parallel to ibe Unes of force of the permanent magnet. The 
motion is opposed by the springs DD, so that it is proportional to tl>e 
I current The pointer B is attached to the coil and moves over 
the scale S. so as to indicate the amount 
of current flowing through the instrument. 
The object of the shunt E is explained ifl 
Article iSi. Figure 98 shows anendvte» 
of one of these instruments with a portion 
of the construction cut away so as to sbo* 
the works. The movable coil and pe^ 
manent magnet are clearly visible in both 
of the illustrations. Similar letters in 
Figures 97 and 98 refer to the saB* 
parts. The soft iron cylinder, which if 
so plainly shown in Figure 98, is wed 
to improve the m.ignetic circuit of tt* 
magnet. It is stationary, and the conductors of the coil move between 
it and the pole pieces of the magnet. A c)ctindrical soft iron cow 
of the same character is shown ia the D'Arson^'al galvanometer ^ 
Figure 83. 

Weston or similar amperemeters are used a great deal where accurate 
portable current measuiing instniments are required, because thcf *" 
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accurate, coDvenient, and well made. During the past few years the 
htn generating stations have discarded the inaccurate farms of ampere- 
neiera previously described, and have adopted superior instruments 
belonging 10 this cl^ss. 

IT6. Electrodynamometers. — Magnetic instruments belonging to the 
fiiird class are really not galvanometers, but are called Electrodj^nomom- 
Kffj, because their indications are caused by the magnetic pull of the 
iiti and movable coils upon each other which is caused by the current 
fowing in them. Figure 99 shows the ordinary form of the electro- 
djuamoraeter when arranged for 
ost as an amperemeter. This 
ii often called the Siemens Eleo- 
trtdjnamo meter. One coil F 
in this instrument is fastened to 
the frame of the instrument, and 
the other coil Af, which stands 
*t right angles to the first, is 
nspeoded by a heavy silk fibre 
10 thai it is free to move. The 
ead of the wire composing the 
CBi'ablc coil dips into little cups 
CC, containing mefcury, which 
« connected with a circuit so 
Hut the current can enter and 
iHve the coil. The movable 
'nil is attached to a spring G, 

n other end of which is con- 
'■■'Vi to a thumbscrew T, 
Liilfd a Torsion Head, by means 

ofshich this spring may be twisted. When a current flows in the coils, 
tbt magnetic force lends to turn the movable coil around so as to place 
ilpiraJlel with the fixed coil.' This force is balanced by twisting the 
"pnogby means of the thumbscrew. The amount of twist as shown by a 
pointer S, attached to the screw, is proportional to the force exerted 
It coils on each other ; and this force is proportional to the square 
' Artidc 143. 
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178, Hot Wire Amperemetera. — InstnimeiUs utilizing the heating 
effect of the current are usually called Hot Wire InBtrumento. If the 
hold wire is carefully enclosed so that its temperature is not affected 
by air currents, it will rise to a definite number of degrees in temperature 
fai every current that is passed through it, and the rise is proportional 
B the square of the current. The length of the wire increases practi- 
aly in direct proportion to its rise in temperature when it is heated, 
lad the length again decreases when the wire is cooled. Consequently, 
*iim currents of different strengths flow through a wire it will take up a 
cmesponding length with each current, and measuring its length there- 
fwt measures the square of the current. A simple form of ampere- 
meter depending on diis action is shown in Figure loi. A long, thin wire 
a clasped at one end 

in a stationary bind- 
ing (wst, and the other 
(tkI is wrapped around 
>nd iiislened to a small 
■htd of melal. This 
■Vel is supported on 

«t«l pivots, one of Fig. loi.-Simpfc Hoi Wire Ampcr=moi«. 

■fiich ij connected to 

"^tber binding post. The wire is kept under a constant strain by 
~- Mi of a spring, which is also fastened to the periphery of the wheel. 
'^^ifii the wire is heated and lengthens, the wheel is turned by the con- 
"'riifrn of the spring, and when the wire is again cooled and contracts 
II pulls [he wheel back to its old position. The wheel carries a pointer, 
•''ii^h moi-es over a graduated scale, so that the position of the wheel 
maybe ([uiekly seen when any current flows in the wire. 

179. Amperemeter Scales. ^ Many amperemeters have scales that are 
"nifornly graduated, and the readings can only be converted into 
"Bftrw by consulting a calibration curve' or a table giving the values 
6( different readings in amperes. Other instruments are constructed so 
™i the readings may be multiplied by a fixed constant which has been 
''PMimentatly determined, for the purpose of converting them into 
^fpetes. In still other instniments, which are said to be Direct Read- 

' Article 153. 
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Ing, the scales are so divided and marked that the divisions read directly 
in amperes. It is needless lo say that direct reading instruments are the 
best and most convenient for use, 

160. Alternating Current Amperemeters. — Currents which rapid)/ 
alternate in dirfciion. as do the currents of raany electric light plants, 
cannot be measured by magnetic instruments having permanent magnets, 
since the tendency of such currents is to first deflect the moving parts 
in one direction and then in the other anil the pointer stands still oi 
nearly so. Such currents can be measured by magnetic instrumeaSof 




I 



the first class because the soft iron core is alwavs attracted by a 
which a current flaws without regard to the direction of the c 
The iron cores in instniments designed to measure these Alte 
Currents must be built up from thin strips or fine iron w 
currents shall not be set up in them by the reversals of the 
An instrument in which a thin strip or disk of iron is used is c 
called a " Magnetic Vane " instrument. One of this type is illua 
' Article 139. 
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h its cover taken off so as to expose the working parts, in Figure 
I iw. The parts of this instrument are indicated by the letters, where 
I 5 is the current coil, C the thin movable iron vane, B the needle, 
I Siix scale, and AA the binding posts which are connected to the coil 
I Jby the wires WIV. 

Electrodynamomeiers and other instruments which depend for their 
iyjtioDS upon the mutual attractions of two coils may be used to 
^^ure alternating currents, because the current reverses in the two 
- At the same instant, and the magnetic attraction between the coils 
liicrcforc, always in the same direction. The heating effect of cur- 
:,;. IS independent of their direction, so that hot wire instruments 
. also be used to measure alternating currents, 

iSl. Shunted Amperemeters. — When very large currents are to be 

■ lied, it is often inconvenient and expensive to build an ampere- 

■I of sufficient capacity for the purpose. In this case an ampere- 

fe of small capacity may be shunted by a copper or German silver 

r rod, and the shunted instrument may then be calibrated and 

sasure the large current. This arrangement has become quite 

n the large electric light works where very great currents are 

asured, and it is not uncommon in ordinary portable instruments. 

bstance, nearly all Weston amperemeters consist of a milliampere- 

■s irranged with a proper shunt inside the case, as illustrated in 

Fignre 97, so that the desired range is obtained. 

182. Voltmeters. —The commonest method of measuring an electric 

I ptBMte is to measure the current which it causes to pass through a 

faoTO high resistance. This resistance may be connected permanently 

Bhftie circuit of a sensitive amperemeter, such as a mijliamperemetcr, 

c instrument may be calibrated so that its indications may be 

ly converted into volts. 

nraents that are used for everyday measurements of electric prcs- 

Btre called Voltmeters, because they measure volts. By properly 

g the scale upon which the indications are made, voltmeters may 

ide direct reading. Fig\ire 103 shows a Weston direct reading volt- 

focler, in which the working parts are similar to those of the ampere- 

■■■■'-^ shown in Figure 97, but in the voltmeter a high resistance spool 

"' fiae viic is placed in aeries with the O'Arsonval galvanomtlei (lo^ 
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instead of a low resistance shunt being placed in parallel with it, 
done with the amperemeter. 

The voltmeter that is shown in the figure has three binding p 
The instrument is connected to a circuit by binding posts AA' for 1 
nary use. Then, when the key K is closed, current flows through 
high redstance coil E and the movable coil C, and the pointer is 
fleeted a distance proportional to the electrical pressure of the cir 
When the iostiument is connected to the circuit by means of the bin 




Fio. 103. — Plan of Weston Vollmeler, 
[>osts Aa, and the key is closed, the current flows through the coil t 
thence through the movable coil C. The coil e is adjusted so tha 
resistance between binding posts Aa is just one-twentieth of the r< 
ance between binding posts AA' , and the instniraent is therefore tn 
times more sensitive when the binding posts Aa are used. If two 
cause a movement of the pointer a certain distance across the sea 
one case, it requires forty volts to cause an equal movement in the ( 
case. Many voltmeters are made with only one resistance coil and 
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The letters in this figure refer to the same parts as similar 
gures 97 and 98. 

are also made upon the same principle as the amperemeter 
guic 96, but tlie coil is wound with many turns of fine wire, 
igh resistance, instead of being made with a few turns of 
This form of voltmeter has the same fault as the ampere- 
same class — that of being inaccurate; and it, therefore, 
bfactory for use in many places as more accurate instruments 
xy little or no iron in their working parts. 
light plants where current is produced for use in incaodes- 
t is very important that the pressure be kept as closely as 
the exact pressure with which the lamps 
led to be used. Consequently, in such 
most accurate and reliable voltmeters or 
they are sometimes called, are 



te of the type just described are usually 

very high resistance, so that only a small 

. through them, and they therefore may 
bout causing an appreciable change of the 

circuit. 
04 shows a hot wire voltmeter, which is 

iU inventor, Cardew. This was largely 
time to measure alternating electric 
ind it is still used to a considerable ex- 

[land for that purpose. The indications 
niment are dependent upon the expansion 

inc platinum -silver wire (jiftfuo inch in 
through which the current passes. This 
to II feet long, and of such high 
ler foot that its resistance alone is sufficient 

I a pressure of 120 volts, but another re- 
is put in series with the instniment when Jl is used to 
jh pressures, 

I are used for measuring pressures, and therefore are not 

be connected in series in a circuit. They ate de5\^'Rti Mi 



Fig. 104, — Cardew 




tro meters a; 
fordeterminiDg theqi 
of electricity 
body, by measuring 
traction for another 
body. It is also ei 
in Article 1 7 that d( 
ity at rest at a 
; constitutes 
charge, and electricity 
rest at a, low pressure 
slitules a negative charg* 
It is a (act that the 
positive and negative char^' 

: be taken as relatiW^ 
terms, exactly as are tl»^ 
terras high and low pres^'* 
ure. .\n electrometer i* 
an instniment by means (^ 
which the attractioa bw 
tween two charges may bpS 
$ measured. 

One form of electron' 
eter is shown in Figmp 
105. In this electrometer there is a needle, made of aluminum, and ft 
sort of metal pilj box, cut into quadrants {quarters). If the opposite 
quarters are connected together, as shown in the figure, and one pair 
of quarters are connected to the needle, the needle tends to be deflected 
by the attraction and repulsion of the charges, when a charge of one sign 
is communicated to the needle and its connected pair of quadrants, and 
[ a charge of the opposite sign to the other pair of quadrants. The force 



Fta. 103. — Quadrant Electrometer. 




Fig. 105a. - 
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I Ihe needle tends to turn may be measured by a torsion 
1 an electro dynamo meter, or by suspending the needle so 
ain portion of its weight must be 

J poles of a battery are coimected 
terminals of the electrometer, one 
'ihe instrument is brought to a high , 
ud Ihe other to a low pressure, on 
n of the battery, and they, 
loid corresponding positive and neg- 
[cs. The deflection of ihe needle 
e pressure developed by the battery. 

te may be directly read off in volts, Q^'^rani El'ectrijmeier.* 

iment has been properly calibrated. 

C way, if the two ends of a resistance through which a current 
I as an electric lamp, are connected to the electrome- 
ter, one terminal of the instrument is brought 
to a high and the other to a low pressure, 
and the deflection of the needle shows the 
difference of pressure between the ends of the 
resistance. 

Electrometers made for use in everyday meas- 
urements of electric pressure are usually called 
Slectrostatic Voltmeters. They are particularly 
useful for measuring aliernating electric press- 
ures, since the polarity of the two pairs of 
quadrants and of the needle change at the same 
instant, and consequently the needle is deflected 
continuously in the same direction. Figure 106 
shows such a voltmeter, arranged for use in light 
and power stations. It is seen from the figure 
that there are a large number of sets of quad- 
rants and needles, one above the other. This is 
to make the tendency to deflect stronger, Fig- 
1 electrostatic voltmeter made for measuring pressures 
i volts. 
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with Standard. - 



■ly ^ dcctiic [vessure is to compare it 

a s known la^e resistance is connected 

between the points whose difference 

tt pressure it i^ desired to nieasuie,! 

^oaD cniTCDt n-ill flow through the re- 

SGOncc. and the pressure will fci! 

akcg the path of the current in pto- 

ponkm to the resistance passed ova- 

Now suppose the terminals of a bitterj 

od! S \Fig. io8) are connected in 

Kries »-ilh a galvanometer G to certain 

points on the resistance, in such awiy 

;-jj the pressure of the cell is in 

, . Tcsition to the difference of pressure 

.vtween the points. If the latter press- 

aie b greater than that of the cell, » 

^ *" conmt wHl flow through the cell and 

*■ phanometer, and the galvanometet 

f^ floac thing will occur if the pressure o^ 

^ jm cKiT'ent and the galvanometer def1ectiot> 



resistance which is between the termini 




ti nMhiplied by the ratio of the total reust-' 
In the figure, the pressure of tha 
ivustance is 10,000 ohms, and thQ 
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00 ohms. Assuming a baknce, the total press- 
fcbe I. a X 10,000-^ 100= ijo volts. 
FPotentiometers. — A special arrangement for measuring press- 
f comparison is often called a Patentlometer, and the cells used ] 
le comparison are called Standard Cells. It is evident that stand- 
;ells must develop a very uniform pressure under all conditions ] 
;ir use. The best standard cell is that called Clark's Cell, after its ] 
itpr. This was recommended by the Chic.igo Electrical Congress I 
used as a comparative standard of pressures, and its pressure was J 
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1^ — Meuuremeat ol Currcnl by Voltm 

j_ accordance with experimental tests to be 1.434 volts at 15* I 
, when set up according to fixed instructions. Professor J 
>art and others have endeavored to make a standard cell with j 
tly one volt pressure. 

irtable voltmeters have been made upon the principle of a potenti- 
ler, but without much success. 

ft. Indirect Measurement of Current. — Electric currents may be | 
tctly measured by means of a known resistance, placed in the 1 

Sgh which the-Cflr^pJ5fl[^.^:*td, a voltmeter connected -I 
ninals. In tW^'case, the voltirftiier is used to measure the \ 
LI 
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I tet to meaniFe 100 amperes, what most be the relatiTe resistance of amperemeter 

iSBdihont? 

I 24* WhatisaToltmeter? 

I ?5' ^^^^ is the principle of a voltmeter? 

I s^ What is the difference between a voltmeter and an amperemeter? 

I 37* Hov can a milliamperemeter, with a large resistance coil in series with it. 

I kctfibnted so that it will be a direct reading voltmeter? 

2& Are all voltmeters, depending upon magnetic attraction, really amperemeters 
L oEbnted to read volts? 

39* How is a hot wire amperemeter modified so that it may be used as a voltmetef ? 

P> What is an electrometer? 

31* What is an electrostatic voltmeter? 

3^ Why does the needle of an electrostatic voltmeter tend to move ? 

53* What is a potentiometer? 

34* What battery cell did the Chicago Electrical Congress adopt as a standard 
•fpwsiurc? 

35* Why will the galvanometer needle of a potentiometer show no deflection 
^'^ the fall of pressure in the resistance, across which the standard cell is con- 
^^ is equal to the pressure of the cell? 

3^ If the resistance included between the terminals of the standard cell of a 
P^tiometer is one-tenth of the total resistance, how much greater is the pressure 
*o be measured than that of the cell? 

37* What would happen if an amperemeter were connected in parallel across a 
'"^ instead of in series with the circuit? 

30. What would happen if a voltmeter were connected in series with a circuit, as 
^ *Biperemeter should be, instead of between the terminals of the circuit? 

39* If a ICO ampere amperemeter, with a resistance of one -thousandth of an 
"^t ihoald be connected between two points in a circuit having a difference of 
'**'■»»'* of 100 volts, how much current would instantly pass through the ampere- 
■'^? What would be the result ? 
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king parts, which are indicated by letters. MM and 00 are bindi 

^, the liret of which are terminals for the "pressure coil," and the 

nd are terminaJs for the "scries cnil " (one of the latter is at 

ic £ir comei of the instrument and is hidden) ; A is the stationary or 

fried coil ; BB is the movable coil ; P is the pointer or " needle " ; H is 

le scale ; A" is an extra resistance which is placed in series with the 

; ZJ is a torsion head by means of which the spring C may 

as to bring the movable coil, which is attached to it, into 

o position. This position is indicated by the pointer /". When 




'■■ Pointer P' points to zero, the pointer /* which is attached to the"" 
'^-'"n head points to the reading of the instrument. R and Q are the 
'"'"icti base and supports of the in.stmment. 
'^ ■'ttraeiers are often made so that the needle P is directly attached 
' 'I'e movable coil and one end of the spring is attached to the frame 
■ '-^e instrument (instead of to a torsion head), while the other end is 
''"'bed to the coil. Then the reading of the instrument depends on the 
^moiini of motion of the coil, just as was explained in Article 175 
*i'h respect to the Weston amperemeter. 

"attmelers may be calibrated by comparing their readings, when con- 
"^'eil to a continuous current circuit, with the indications of standard 
''oltmeters and amperemeters. By proper construction and adjus 
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^^^■Ktie paD, it is easily seen that eveiy revolution of the armature 
^^Ba 3 certain number of watts used for a fixed length of time. Sach 
^^Bunents mually have attached to the spindle of the armature a set of 
^^B^ like those of 3 gas meter, which record the re%'olutions and are 
^^Btfced that the consumption of electric energy may be recorded in 
^^BHoors. Watt hnurs are the product cf the number of watti by the 
^^Uitr of hours during which the power is used. Since the dials record 
^^Bl number of watt hours which are added together, or " ititegrated," 
^^Kneter during the period that it operates, these meters are properly 
^^B InteETkting Wattmeters. 

^^■n external retarding force were applied to the armature q' such an 
^^Bment, it would run away as soon as placed in service, and in order 
^^B speed may be proportional to the watts (he retarding force must 
^^Bproportion to the speed. This is very ingeniously arranged in the 
^^Bnn recording wattmeter by placing at the boiioni of the spindle .S 
^^■disk of copper C, on either side of which are placed the poles of 
^^■neat magnets M. The rotation of the disk between the magnet 
^^Bgeoerates electric currents in it which are attracted by the magnets 
^^Blard the motion of the disk. 

^^Be other meters for use in determining the amount of power con- 
^H| by customers, which are externally similar to the Thomson, read 
^^Be Hours, instead of watl hours. An ampere hour is equal to 3600 
^^Bi Seconds, but one ampere second (that is, one ampere flowing 
^^■e second) means the transfer of one coulomb of electricity through 
^^Bcait. Consequently, ihe readings of meters which record in 
^^B hours are directly comparable with the indications of the Kdison 
^^Bytic meter which has been mentioned before.' Meters which 
^^B ampere hour^ are sometimes called Coulomb Meters. 
^H reading of ampere hours has no relation to the power consumed 
^^Bcuit unless the pressure in the circuit is known, but in the cases 
^^P wch meters are used the pressure is intended to be kept at a 
WBttani known value, so that the watt hours used by each customer may 
^ easily determined. This is done by multiplying the ampere hours 
l*Wdi ng of his meter by the constant pressure in the circuit. 

• wattmeters which have been described here are also satisfactory 
> Articles 159 and 171, 
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for use in alternating current circuits, though the relations in S 
circuits which exist between cunent, pressure, and power are not sd 
simple as in direct current circuits. The important and interestiflf 
featuresof alternating current circuits are treated in succeeding chapiea, 

189. Meaaurement of the Pressure of a Static Charge. ^ The eltc- 
trical pressure of a conductor carrying a charge of electricity ii; 
ordinarily reckoned as the difference between its poleniial and the 
average electrical pressure of the earth's surface, which is called letfti 
This is similar to the reference of levels or heights to the sea level i^ 
B zero point from which to start.' The electrical pressure of a char^ 
conductor cannot be measured by an ordinary voltmeter, since the 
charge would be at once dissipated by the current which would flow 
through the voltmeter when connected between the conductor and Ihel 
earth. The same is true of condensers in all of their forms. Th<j 
pressure may, however, be measured by a sufficiently sensitive eleclrooM 
eter or electrostatic voUmeter. For instance, in the case of a quadtuw 

. electrometer which is briefly described in Article 183, the needle and itf 
paij.of quadrants may be connected to earth and the other pair of quad- 
rants to the charged body. Then, if the instrument is sufficiently sensi-^ 
live, the needle will be deflected an amount which is proportional to thd 
difference between the earth's electrical pressure and that of the charged 
body, or between the two plates of the condenser. '| 

190. Specific Inductive Capacity. —The capacity of a condensei; 
depends directly upon the area of its plates, their closeness together, and; 
the Specific Inductive Capacity of the dielectric' Different insulating^ 
materials have very different values as dielectrics. The inductive actioui 
seems to be stronger through some materials than through others, and it' 
is less active through air than through any solids or liquids. Conse- 
quently a condenser which has air for a dielectric has less capacity than, 
one of exactly equal size wit!) a solid dielectric. The ratio of the capaci-< 
ties of two such condensers, in which the dielectric of one is air, is calledi 
the specijie tntluctive capacity of the solid dielectric. The annexed table ■ 

\ gives the approximate specific inductive capacities of various materials. , 
' Thatofairis takenasunity asa matter of reference, because the ii 
effect is less through it than through any common substance. 
1 Article 17. * Aiticle 36. 





d -^ 


SF.Linc ISDliCIIV. 


„„..„ 


C«»*crtv 


Y^^^nltDM .... 


*-3 

13 


Go«a-p«chi . , 

Shellac 

Salphur .... 

Mica 

Gl«« 


5,00 to lOOO 1 


^Bbe table shows the importance of carefully selecting the insula- 
^^■k for telephone cables where capacity is very objectionable. In 
^H^ the insulation directly surrounding the individual wires of such 
^HRcs is often made from crinkled paper, so that air makes up a consider- 
^^Kpan of the material between the wires. While glass is one of the 
^Bt insalaiors, it is one of the poorest materials lo use for the continuous 
^^■llstion of wires in telephone cables on account of its great specific 
^■pncttve capacity. 

^B^Eolated wires and cables placed underground always have a much 
^^nitcr capacity than wires of the same size and length placed overhead. 
^Bb is largely because the dielectric of the underground wires is so much 
^BUpmer than that of the overhead wires, and partially because ihe induc- 
^^bcapacity of solid dielectrics is greater than thai of air. The capacity 
^^Hti overhead wire, strung at a height of 30 feet above the ground, is 
^^■about one-lwentieih of that of a similar wire well insulated with a 
^^Hler compound and -placed underground, and only aixiul one-tenth 
^^^ktof a Mmilar wire insulated with cotton and paraRine and placed 
^^H cable underground. 

^PWl. ReUUon of Pressure, Charge, and Capacity in a Condenaer, — It 
^Ws stated in Article 28, that a condenser of one farad cap.icity holds 
1 opposite charges of one coulomb on its two plates whenever ihey differ 
1 bpresure by one volt. If one volt charges it with two coulombs, the 
H apicily is two farads ; if with three coulombs, three farads, and so on. 

Ot « raay say that wAen Ike pressure is constant, the quantity of charge 
__ ifiYfiV proportional to the capacity. Also, // the capacity is fixed, the | 

•^"intity oj the charge is proportional lo the pressure. These two sUte- j 



206 ELECTRICITY AND MAGNETISM 

ments together show that the electrical charge of a condenser vark 
directly with the capacity and also direc^ with the pressure. 

This may be written in symbols, S* &= -^> where S' is capacity in fiuacbi 

Q quantity on each plate in coulombs, and E pressure in volts. Since i 

microfarad is one millionth of a farad we may also write S=^ 1,000,000-^ 
where 5 is the capacity in microfarads. 

This relation may be compared to the capacities of water tanks. If 
a tank of " unit capacity " is assumed as one in which the water has a 
height of one foot when charged with one gallon, then the greater the 
number of gallons required to raise the water level one foot the greater 
is the capacity ; and also with a tank of given capacity, the quantity of 
water in the tank depends upon the height. The quantity of water in a 
tank therefore varies directly with the " capacity " of the tank, and aba 
directly with the height that it stands in the tank. 

PROBLEMS 

A, A condenser is charged with .cxxx)i of a coulomb of electricity when its tenninali 
are at a difference of potential of 10 volts. What is its capacity? Ans. i microfarad. 

B, A condenser of .5 microfarad capacity is charged by a difference of potential 
of 100 volts. What is the quantity of the charge? Ans» .00005 coulomb. 

C, What pressure is required to charge a .2 microfarad condenser with a charge 
of .0001 coulomb? Ans. 500 volts. 

Z>. If one condenser holds four times as much electricity when charged by 50 vote 
as does another when charged by 100 volts, what is the ratio of the capacity of the 
first condenser to that of the second? Ans, 8. 

191 a. Condensers in Series and Parallel. — Since the capacity of a 
condenser is directly proportional to the area of the plates,* connecHng 
condensers in parallel gives a total or combined capacity which is equal 
to the sum of the individual capacities. Again, since the capacity 
depends inversely upon the thickness of the dielectric,' connecting €9%' 
densers of equal capacity in series gives a combined capacity equal to Ai 
capacity of one condenser divided by the number in series, because con- 
necting condensers in series has the effect of adding together the 
thicknesses of the dielectrics in the different condensers. Whert 
condensers of different capacities are connected together in series, the C(f^ 

1 Article 190. ' I^d, 
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afy is equal to Ike reciprocal of the sum of the reciprocals of 
\t mcHvidual capacities. ji = ^ + i- + iV Condensers connected 

D series are sometimes said to be connected in Cascade. 

i .e pUtes of standard condensers are usually made of tinfoil, and the 
;'-tiic of mica, parafiined paper, or oiled paper. 

PROBLEMS 
.'. If thiee ) mictorvad condensers are conaected in parallel, what is their com- 



ifaradi capacity are connected 
series, what is their combiued 
in series, what is their com- 



\\ microfari 
^- Suppose Tour condeosers of \, \, I, and \\ 
Jiillel, what ti their combined capacity f An. 
■'■ IS the condensers of Example A are connec 
Jcitj f Am. ) microfarad. 
;i. If the condensers of Eiainple 3 are com 
ci capacity ? Am. ^ microfarad, 

■., U you have three condensers of ), i, anil I microfarad capacity, respectively, 
<i ue the various values in microfarads besides the individual values that you can 
i^ 11 your disposal for teiting purposes, uiing them in all combination*? 
1st, ParaUels of 3 and i. Am. i|, iJ, l). (. 
2d. Series of 3 and 2. Am. *. i. i. i- 
3d. Series parallel. Am. ij, ^ A. A- A. A- 
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-r'Kiiies and put up in boxes 
■v^ses. Since a capacity 
-.'■^ as a farad is reaily ne\ 
■ "' in the electrical industries, 
'I'idard condensers are usu- 
> nude equal to Microfarads' 
"'!"■ miilionths of a farad) 
■"■■'-tions of microfarads, a 

microfarad has bec( 

■^mon unit in which capaci- 

"« are measured. Figure 1 1 1 

ihowsan adjustable condensei 

I wich is made with five divi- 

^Ui of .1 microfarad each 

^^H|CoiBpue combined 

I 



■ Standard condensers are made of various 
I that they may be readily used for various 
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'■■I'nc :- ■--•?- T"'.'..'.^h it. £viqpoff tfano^ am 
o tlie qnantitT of rlecnidiT in ihe duchzx^e, 
e of swing or Thnnr u oot too great. 

y of a cable, a standard coodenser is selected 

' equal lo that of the tabic. The coodenter is 

h?x-MM]FAf«fcwceIls,andbyD>ca]isof a ke; iis oonneciions 

-nnnged Bo that it discharges through a gaii-anuzietcT. Tlie 

^.ilvanomcter needle (distance it sving> > is o':«enred. The 

i j now connected with one lenninal to the cable conductor, 

her toHiinal to the cable sheathing or to the earth. In thiswajr 

• liarged. The cable and earth connections are then trans- 

ihe gslTUOmeter by means of the key, and the cable is dis- 

M'igh the galvanometer. The throw of the needle is again 

The two throws are proportional to the quantities of elec- 

. uharges of the condenser and the cable. Since these were 

the same battery and therefore to the same pressure, the 

1 electricities are proportional to the res|fective capacities. 

-, the capacities are proportional to the throws. 

lect of taking a condenser of a capacity nearly equal to that of 

:.- to make the throws nearly alike, and thuii avoid instrumental 

> ::en a proper condenser cannot be obtained, a shnnt may be 

-.'/ the galvanometer, but this is also likely to introduce errors 

■ '. u-ith dischai^es. The insulation of the instniments and their 

' 'IS must be as perfect as possible in capacity tests, as is abo 

in insulation tests.^ 
J ' xample, suppose the discharge of a J microfarad condenser 
larged by five cells gives a galvanometer throw of 300 divisions ; 
^n a cable two miles long is charged hy the same cells, and dis- 
^hnwgh the galvanometer, the throw is t8o. Then the capacity 
able is Jfl§ x J- = .45 microfarads, and the capacity of the cable 
: is .45 + a = .225 microfarads. 

nsual to speak of the "capacity of a wire " or of a cable In the 
of the preceding paragraphs, but it must not be forgotten that 
iductor of the cable is only one plate of the condenser. The 
3 of the return conductor through which the working 
'Article* 169 and 170. 
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electric circuit is completed, such as the earth, the cable sheathii^ 
another wire, while the dielectric of the condenser is the inl 
insulation. And the "capacity of a cable " is therefore the capadtj 
the condenser in which the cable conductor constitutes one plate 
the insulation of the conductor constitutes the dielectric. 



PROBLEMS 

A. A condenser of .2 microfarad capacity, charged to lO volts difference of] 
tial, causes a throw of 150 divisions when it is discharged through a gal^ 
A certain cable one mile long causes a throw of 75 divisions when charged by the 
difference of potentiaL What is the capacity of the cable ? Ans. .1 microfiurad 

B. A condenser of .3 microfarad and a piece of cable cause the same throw III 
galvanometer when the former has been discharged after having been charged by I 
volts difference of potential and the latter by 20 volts. What is the capacity of 
cable? (Aid: The galvanometer needle would be deflected only half as fitf if 1 
cable were charged to 10 volts.) Ans, .15 microfarad. 

C. An overhead telegraph line, after having been charged to lOO volts, gifts ft' 
throw on the galvanometer of 50 divisions when it is discharged. The same gih*^ 
nometcr will deflect 100 divisions when a I microfarad condenser charged to 5 volts is^ 
discharged through it. What is the capacity of the line ? (Aid : The galvanometer 
would deflect 2.5 divisions if the line were charged to 5 volts.) Ans. .025 microfiuid* 

194. Electrical Units. — The following table gives a review of 
units that have been explained in this and the preceding chapters: 



Ampere 

Milliampere 

Microampere 

Volt 

Millivolt 

Microvolt 

Ohm 

Megohm 

Coulomb 

Farad 

Microfarad 

Watt 

Kilowatt 

Horse power 

Joule 

Watt hour 

Kilowatt hour 



= unit of current. 

= one-thousandth of an am]>ere. 

= one-millionth of an amperCi 

=: unit of pressure. 

= one-thousandth of a volt 

= one-millionth of a volt. 

r= unit of resistance. 

sr 1,000,000 ohms. 

= unit of quantity. 

= unit of capacity. 

= one-millionth of a fiuad. 

= unit of power. 

= 1000 watts. 

= 746 watts. 

= unit of work = one watt second. 

= unit of work r= 3600 watt seconds. 

= 1000 watt hours. 



Horse power hour (H. P. H.) = 746 watt hoon. 



[ be meuuied by m 



MEASUREMENT OF CAPAQTY 

t micro, milli, kilo, aad meg (oi mega), which mpectircl]' n 
tfaouaandlb, one thousand, and one m 
ttectnoLl units. For instance, one kilovoll i 
1 means one-millionlh of an ohm, etc. 

QUESTIONS 

How can the power in a direct current circi 

and a Toltmetcc? 

a. Wbu U a wAicmetet? 

^ Iluw can an eteclrodynamometer be arranged for use as a wattmeter? 
' li')W would you connect a wattmeter to meaiuie tbe power used by a bank o 
v.cW lamps in parallel? 

'.Vhal wuuld happen if Ihe current CO it of a wattmeter waa connected into^l 
..-.L ibere the pressure coil should be? 

0. What is a recording watUnetct? 
7. What is a watt hour? 

1. Describe a Thomson recording waltmcter. 
% Whsl is the principle of the retarding device in the Thomson wattmeter? 

10. Whit is an ampere hour? 

11. Why cannot the diiierence of pressure between an insulated charged body and 
At anh be measured bt' an ordinary voltmeter? 

It How sbouid an eleclrostatic voltmeter be connected up to measure the picts- 
■eufiehirged body? 

!]> What is "specific inductive capadly"? 

14- Of the common materials, which has the least inductive capacity? 

t}. What are the numerical values of the specific inductirc capacities of gutta- 
pv^dii anr) glass ? 

A Why is crinkled paper better than rubber for insulating telephone cablet? 

1;. Why have wires placed under ground a greater capacity than the same wires 
U pkfd oierhcad ? 

ll. What Is a microfarad? 

'^ How ate standard condeniers made? 

XL What is the combined capacity of condensers connected in parallel? 

)i. What is the combined capacity of equal condensers connected in series? 

»< What is the combined capacity of unei^usl condensers connected in scries? 

Ij' When are condensers connected in cascaile? 

!(• What are standard condenser plates and dielectrics commonly made of? 

3S- What h « ballistic galvanometer? 

* WhU is the " throw " of a galvanometer? 

*!■ If a lialliilic galvanometer having poor insulation were used in capacity 
"■•"owbU. what would happen? 
^ Ktmt Uie various electrical ttnils that you have become ftct^uuAed w\tb. 



: -V 



.V. 



-> -r riRECT CURRENT 



DYSAMO^i 



t 
I 

d 

ur 









—A dwiuuno consists essentiaDX^ 
'. >, :.*c«.2jl£xiciI energy into electrical energfi 
i=r -.LcrvcQCCQ oc elcctiomagnetic induction* 
.jiiscf .i^KtfT.' Fanday discovered, about i> 
»r> :i imcCj when part of a closed 
-.^ .!Ks cwfestmcted crude machines for 
>( mxr^ therefore, be fairly considend 
j< ivTUBM). During the following 
.*i %Qgste xuines are famous, entered 

fascinating field of 
covery; and witlun 
very few years they dJI* 
placed the permaneiAj 
magnet for fumisMol; 
the magnetic field bf^ 
the electromagnet, bnik: 
up the armature cores 
of laminations, con- 
, ^x .NjMkV^ » Majjn^rtic Field, structed commutators, 

and used more than 
'*v Jvv.uie of the fifties. Siemens, Gramme, 
i)»^Hv*vc«uents which developed the dynamo 
>Av waor improvements have been and aie 




I? .t cvmI is mounted on an axis or shaft, so 
^^ •^.MK-iK /srV/// (Fig. 114), a condition exists 

^VtkW 152. 
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l*liciiis 



1 




'''Iwcribed in ihe lasi paragraph of Anicle 136, and 
J«« CUfftni is produced in ihe coil when it is revolved. 
■ ""lead of being si 10 rt- circuited on itself, 
^ IS Connected to an external circuit by 
Ihe"" ""^'^ sliding contacts as are shown 
■bd ^"'^ "^' '''^ alternating current may be 
W.J. ^ '0 lie used for any desired purpose. /, 
I '" nngs ./.v, 10 which t!ie ends of the coils * 
l^^t^W, in Ihis case are called Collecting 
l^of CoUectora, and the pans SB. which 
!''**( on ihe coUcclors, are called Bruabefl. In 
' fua) machine made up for the purpose 

■ m "^ ' ' FiC. 115,— Ends dI Coil con- 

II " (fDctaling electricity by a coil revolving in neticd to Sliding Rings, 
p* lOagnciic field, the revolving part is called ■^-^' **"' Bnuhes, Sii. 

Uli, . ^ TIL m» .. L- I making Conii«(ion with 

^■0 JUnuture. Telephone Hagnetoa, «hich Exuna] Citcuii, 
■ftused for ringing lelephonc call Ijells, con- 

i*Btof a coil of wire wound on an iron core, which is revolved in the 
gnetic field between the poles of a permanent horseshoe magnet 
(Fig. 116). An enlarged cross 
section of the armature is shown 
alongside of Ihe complete machine 
in Figure 116. Such machines 
produce alternating currents. 

197. Commutators.-- It is pos- 
sible to arrange the collector which 
is attached to a coil that is revolved 
in a magnetic field in the manner 
shown in Figure 117. With this 
arrangement, the collector seg- 
Aiiemai- ^^^^^^ conncct cach brush first 
with one end of the coil and then 
oil revolves. If the brushes are properly Set 
collector at proper points) , this arrangement 
continuously in one direction in the external 
self, the direction of current flow reverses with 
before. Such an arrangement of the collector is 




> moiErBM 



e drcnit b said to 1m 
ie ttt 9* opposite sides ef^ 
tinle or DO current 
may result. Fig^ 
coQ annature an{ 




Tvi. nS. — Old Stjrie Small Dynuno, 



I looks quite like the ra«g- 
• i^ but the collector is dilTerenc, and ite 
p ^ Ml electrocna^et instead of a permanent 



An armature with one 

BiBMshts s current consisting ofastn** 

l^b« represented by Figure 119. ThisU 

««Htv uiiOetstood after a little considew- 

tML When the coil stands up and doim 

btcwvim the pole pieces as in Figure il4 

md the fiill lines in Figure izo, it is in 

tuvh X position that when it is revolwd 

« small amount, the condiicton mov* 

V«ct»callT parallel to the lines of foK' 

ctiil is in continuous revolution. "^ 

that it is in the positions shown i" 

fm I JO, which correspond with the 




nien the coil stands as shown by Ihe doited lines in Figure 120, it a 
.ach a position that the conductois cut squarely across the lines of 
» as they mwve, and the largest possible number of lines of force are 







r a given amount of motion. The dotted position of the CoU 
5 figure and the position 180° therefrom correspond with the 
I S and £> in Figure 1 1 9. 



b Suppose we hav« a sir 
U uch conductor 
It I joo levoluttor 

I EkIi conductor cuts 3 



pen 



nature of 30 tutni in a magnttic field of such 
300 line« in cacli half-revolution. If the dib- 
ite, what is the average pressure developed ? 
ics in a revolution, but each turn has 



Therefore each lutn will cut 4pooptx> lines in each revolution. 

If trans give an effect twenty limes as great, which is equivalent lo cutting 

per revolution by one turn. The armature makes 1500 -r 60 — 35 

Gou per Mcond, hence the coil gives the effect of cutting 25 X So,ooo,ooo lioes 

This is erjual to s,cno,ooo,ocxD lines cut per second. But to create a 

r one volt requires that 100,000,000 lines be cut per second' Therefore 

le wOl develop WAmW = ^ volts.) 

p Suppose we have a ^gle coil armature of 50 turns in a Held of such strength 

ll conductor cuts a,ooo,ooo lines of force per each half- revolution. If Ihe 

H IXK) revolutions per minute, what ts the average pressure developed ? Ant. 

Aimatores having More than One Coil ; Gramme Ring. — Direct 
It dynamos having armatures with one coil are not satisfactory for 
il use for two reasons ; — 
i The wavy character of the current is a disadvantage for some put^ 

I Article tJ4. 
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3. The commutation of large currents at the full pressure which E^ 
required for most commercial uses is not practical. 

To overcome these difficulties coils must be uniformly distributed 
over the surface of the armature, and the windings must be connected 
at equal intervals to commutator segments. The first armature of this 
kind that was put into commercial service 
was invented in 1870 by a Frenchman 
named Gramme. The core of Gramme't 
armature consisted of a ring made of iron 
wire. This ring had a winding made of 
insulated copper wire wound uniformly over 
its surface, and at equal intervals the wind- 
ings were electrically connected to com- 
FiG. lai.— Gramme Armaiute. mutator segments. The arrangement is 
shown in Figure lai. When this armatore 
is placed in a magnetic field, the lines of force pass through the iioD 
armature core from one pole to another in the way that is illustrated in 
Figure 122, so that the revolution of the ring causes the outer condueUrS 
to cut lines of force, but the inner conductors are entirely shielded. 

When the armature is revolved, the wires of the armature wind- 
ing which are under one 
pole piece cut lines of 
force in one direction, and 
those under the other pole 
piece cut lines in the oppo- 
site direction. The effect 
of the opposing electric 
pressures which are thus 
set up in the windings of 
the armatures, is to cause 

a point at one side of the armature to come to a h gh electncal pressure 
and a point on the opposite side to come to a low electncal pressure. 

If brushes bear on the commutitor at these points (/tf and B in Fig. 
113), a current flows in the external circuit from the high to the low 
pressure side of the armature that is from A to B The path of the 
current through the armature itself is from B to A, through Ae twe 
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:!,ikts ef the armature in parallel. This is plainly shown by the 

Since the number of conductors under the pole pieces is practically 

\.-^ same for every position of the armature during the revolution, the 

.-':ii.iture produces a practically uniform pressure when il is con- 

■ ■■.i'jiiiisJy rtvolved at 

t uoilbrm rate, as 

I then il is driven by 

1 i\am engine. 

Aj a rile, coiii- 

J nercial Gramme or 

I Hog AtmBtares are 

t wound with a 

'laiinuous wire, but 

'"'■- diiisions of the 

"J I J lure windings, 

:'- ends of which 

''■ i-onnected to ad- 

'^nt Commotator Segments or Bora, are wound as separate coils. 
'1!- makes it possible to insulate the ditTerent parts of the winding 
'If effectively from each olher, and thus prevent the current from 
, "iping by a short path, or Short- circuiting, directly from one coil to 
■"lother, instead of following all ihe way around the coils. The separate 
cuili are connected to the commutator segments, and to each other, in 
such a way that the winding is in effect the same as though made with 
' coDiinuous wire connected at intervals to the commutator segments. 




PROBLEMS 

i^- A Gnmme «tin»torc Jim 50 coili of 5 turns each. Two million line* of force 
P»i Ibraugh ibis irrnatuTC. If the speed is 600 revolutions per minute (equal to 10 
' >™lutioiii per second), what pressure is developed? (Aid : In a Grarnmc amiBture 
' '<' nunc culling conductor per turn. Each ctindfictor cuts the two million lines 
^ ' '' 18 1 levQlution, and Ihe total number of lines cut per revolution by alt the con- 
it thcrcrore i ,ooa,o(x>,ooo. If all Ihe coils worked in series, the pressure 
i vohs, but since this pressure is divided into two paths in parallel, 
re between the bcushc* U 30 volts.) Am. 50 volu. 
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B. A Ciamaie irmaluie has 6a coili of two tnma each. Fiv 
piss tbrough the armalure. If the speed is 900 revolutions pei 
is set up? Am. 90 volls. 

C. A Giamine arinature as in Example^ revolves 1200 [evolutions pe 
is to set up 100 volts, how manyhnesof force must theie be in the field? ^ 

D. Suppuie the annalmc of Example B was to develop 45 volts, hi 
would the ariDBture need tu carry if the speed and field were not chimeed ? 




6C.J 



200. Drum Anoatnres. — The armature core tnay be an iron cylindcK 

or drum, made out of disks of sheet iron laid together {Fig. 124), ia— j 
stead of an iron ring. In this case the winding seems more compUcaied, 
bul its geneml plan is similar to that of the ring armature. The winding 
raber of coils wound uniformly over the siuiace of the 



I 




Fl(i> 114. — Drum 



inaiL-d Character. 



drum, which are connected together in such a way thai the winMi^k 
tUcfrkaUy the same as though it had been made wHk a single long wire. 
The coils are connected to the commutator bars exactly as in the ring 
armature, and their effect in producing electrical pressure when the 
armature is revolved is jiiat the same as has already been explained in 
the case of the ring armature. Arma- 
tures with drum-shaped cores are called 
Siemens or Drum Armatures. 

A Siemens armature with four coils is 
shown in Figure 115, from which may 
be seen the way in which the wires are 
wound on the core and connected to the 
commutator. It is seen from this figure 
that both sides of the coil cut lines of 
force in a drum armature, but as they 
are under opposite poles the current in one side tends to go toward 
|. the back and the other toward the front of the armature. It is, therefore, 




Coils uid Commutatoi cf Four 
Segments. 
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^ident that the pressures in the conductors on the two sides of an 
innature add together to cause the current to circulate properly through 



c-i: 



ftCu& — Dnim Anr 



I 



a Segm«iiu, ihowii^ One 



'i» coils. Arrows indicating the relative directions are shown in the 
liswc. FigTire 126 shows one coil wound upon an armature core 
""bich is intended for sixteen coils. The armatures of commercial 
d)'namos usually have from thirty to one hundred coils. 



Slemcna armature hu 15 coils of livf lur[ 
ihfough ihc annalure. If the Speed is 600 ti 



' piOTOie developed ? (Aid 

't^n,>a ifant the total number will be the 
■'=■ jovolta. 

*■ A Siemens armature is to develop 100 v 
"""tct How many turns (tw. 
"'^wed is ti> be 1500 revolutii 



Two million lines of force 
ms per minute, what will be 
h turn has two cutting con- 
in Llxaniplc ji. Article 199.) 



in a field having 4,000,01 
nductors to the turn) musi 
ler minute? ,irii. 50 turn! 



) Unet 



Ml, Core Lamiaations ; Eddy Currents. — It has already been satd 

■ 1 ihe early Gramme armature Cores were made out of iron wire 

■^ up to form a ring. lu modern machines the cores for both 

'""Time and Siemens armatures are built up of disks, which are 

■"hed out of sheet iron (Fig. 124). These disks are usually insulated 

""m tach other by thin tissue paper, or by thin coverings of varnish or 

conducting oxide. The object of dividing the cores into disks, or 

; them, and of insulating the disks from each other, is to 

bt currents from being set up in the core itself when it is revolved 

I magnetic field. The rule that electric pressures are set up when 

r cuts lines of force applies equally as much to the cote of 
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the armature as to the windings. Currents tend to flow in armature 
cores from one end to the other near the surface under one magnet pole, 
and to return under the opposite pole. By properly laminating the cores^ 
these currents are nearly all prevented, while the passage of lines of 
force through the iron, from one side of the core to the other, is not 
interfered with. 

The great objection to permitting currents to circulate in the armature 
core is the fact that it takes power to keep them circulating, and all 
this power is converted into heat in the armature core, and is wasted. 
,The heating of the core has another disadvantage, since a high tempeiBr 
ture is likely to injure the cotton and shellac insulation which is used 
between the coils themselves, and between the coils and core. Even 
with the best of Lamination a certain amount of power is lost, and 
heating is caused, by currents circulating in the core disks. These 
currents are ordinarily called Eddy Currents, because they eddy uselessly 
through the core, or Foucault Currents, after the name of a scientist who 
made some investigations many years ago relating to the generatioxK 
of currents in masses of metal. 

202. Hysteresis Loss. — There is an additional cause of lost power 
and heating in the cores of armatures which cannot be reduced by 
lamination. This seems to be due to a sort of friction between the 
molecules as they are caused to turn over by the attraction of the 
magnetic field while the armature revolves. Every time the molecules 
are caused to turn around under the influence of a magnetic field, a 
certain amount of power is used, which is converted into heat ; con- 
sequently, for every revolution of the armature, a certain amount of 
power is used, and converted into heat. This effect is another result of 
the phenomenon of magnetism which is called Hysteresis, and which is 
described in Article 128. 

The amount of power wasted and heat produced in a core on account 
of hysteresis depends upon the amount of iron in the core, the num- 
ber of revolutions made by it in a minute, the density of magnetism in 
the iron, and the quality of the iron. It may be said that, in general, the 
softer the iron the less is the loss due to hysteresis ; consequently, the 
iron used in armature cores is very soft wrought iron or steel which has 
been carefully annealed. , 
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203. Field Ifagneta. — The magnetic field in which the amiature 
OM li ordinarily produced by a great electromagnet. The frame 

; luii electromagnet is so arranged that It can j ^^^^ ^ | 

hdil ihe windings required to set up the lines 
of force ; anil in order that the lines may be 
ouscii lo pass through the armature, the poles 
ire imnged lo embrace the armature. These 
tipanded poles are called Pole-pieces {PP in ^ * I 

fia. Ml and 1 2S), and the whole of the mae- 1 

, . .. , . -...,, , . fw- IS?. — Diagram of Dj>. 1 

IH (lame is called the Field of the machme. namo Frame. 

Tilt parts of the field upon which the windings 

Itepbced are often called the tield Cofes {mm, in Figs. 127 and 128). 
ITie portion of the magnet that connects the cores is 

[',— .^..^ [ called the Yoke (.v in Figs. 127 and 128). 

204. Air Space. — It is always necessary to allow 
a certain amomit of space between the pole-pieces 
and the surface of the armature, and in addition a 
certain amount of space is occupied by the armature 
windings, so that a considerable depth of non-mag- 
netic material exists between the iron of the fwle- 
pteces and the iron of the armature core. This space 
is usually called the Air Space or Gap {G, Figs. 127 
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205. Reluctance of Magnetic Circuit. — The number of ampere turns, 
'li are required lo give ihe magnetomotive force that is needed 10 
*cl tip the lines of force necessary to induce a given electrical pressure 
iiuhe armature windings, depends upon the reluctance of the armature 
wrt, of Ihe air gap, and of the magnet frame. Since there is no 
insuLilor of magnetism, some of the lines of force which are set up in 
tbe field will leak aroimd the armature instead of passing through It, 
wd the cross section of iron in ihe path of the Unes of force through 
'!if field must be sufficiently large to hold these leakage lines as well 
« Ihe useful ones which pass through the armature. It is the Leakage, 
or stray lines of force, which magnetize watches when they arc carried 
near a dynamo- 
bi order that the proportion of the total number of lines of force that 
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:■> it ma'lc ".f irun? 



224 



ELECTRJCITV AND MAGNETISM 



1 1>ni mated? 



L 37. Why«i 

I a8. What ■re Fouc.ult or eddy cuncris? " 

19. Wby ace Fuuoult currents duadvantai^eom in ibe cote of bd armature? 

I 30. Whsl effect has hy&Urciism AD aTmnlure core? 

I 31. What does the bptcresia loss depend apun? 

I 32. How are dynamo Held magnets made? 

I 33. What ia Ihe field of a dynamo? 

I 34. What are the pole-pieces? The yoke? The field core? The air gap? 

' 35. Should the reluctance of a dynamo field be great or small? 

36. What efiect hat the quality of iron and length of ait gap on the ^Id refK> 

37. Why is a watch likely to be magneliied when brought near a dynamo? 

38. What ii magnetic leakage? 

39. What cHeLl has the length of the air gap upon magnetic leakage? 

40. What is a toDlhed armature? 

41. What advatilagei have toothed armaturei? j 

42. Will a toothed atmalure give any less pressure than a smooth one? 4 

207. Electric Motors. — We have seen that the operation of dynamotli 
is a liirect application of Faraday's discovery, that an electrical'pTtsatm. 
is generated in a (ondudor when it is m&ved in a magnetic field. 

Electric motors work on the principle that a conductor carryit^A, 
current tends tii move when placed in a magnetic field, on account of th 
mutual action of the Unes of force of the field and of the curroil. .. 
The reafions for these actions we do not know, but we know of ihdij 
existence as the result of experiment, and arc able to apply their teji^ 1 
to practical use. 

These two principles are practically the reverse of each other, vA 
the action of generators and motore is. therefore, a Reversible one. TM 
is, n machine which is designed to be used as a dynamo to genenl* 
electric currents when driven by mechanical power, may usually be 
used equally well to generate mechanical power when tiriven as a tnotw 
by electric currents. It is a fact ihal ihe machines that are the be* 
generators also usually make the best motors; and manufacttirers seB 
' their standard direct current dvnamos, to be used either as generatoffi 
or motors. We shall, therefore, treat them .is entirely similar in con- 
struction. It is only when the machines arc built to be used for soO* 
special purpose that they cannot be conveniently interchanged in tbei 
action. 
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31 the motor armature is caused to revolve by the magnetic attrac- 
its conductors cut the lines of force of the field, and an electric 
\re is, thf re/ore, ut up in thtin, just as has been described in the 
ulicica of ihis chapter. The direction of this is opposite to that 
; external source which sends the current through the armature. 
;lectric pressure which is thus set up in ihe armature conductors of 
lOtor is called a counter electric pressure, or counter electromotive 

t nvrk which is done by the motor is dependent upon this counter 
it pressure, and a useful electric motor which does not produce a 
ir electric pressure, is as impossible of existence as is a perpetual 
m machine. Seekers after either are looking for the impossible, 
hen a dynamo armature is revolved in a magnetic field so as to pro- 

» currem, the lines of force belonging to the current are attracted 
ie lines of force belonging to the field. This attraction tends to 
the motion, so that power has to be exerted to keep the armature 
ng. The greater the current the greater must be the pull or Torque 
I to the dynamo pulley to make it rotate. Likewise, in a motor, 
uneni flowing in the armature must be sufficient to give the neccs- 
poll to keep the armature going, whatever the load upon the motor 
f. By Ohm's Law, the amount of current that will flow through 
distance of the armature will be proportional to the pressure. In 
tor, the pressure sending currents through the armature windings 
'difference between the pressure appUed to the armature and the 
,er pressure. Evidently, then, when a load is put on the pulley, 
aotor armature must either slacken a little in speed, or the fields 
be weakened, to so reduce the counter pressure that sufficient cur- 
»itl flow through the armature windings and give the proper torque. 
is is a general nile for dynamos ; 7^e greater the mechanical work 
'eater must he the electric work, or vice j>ersa. 

1. Kachiae Efficiency. — The electrical power delivered by a 
no to the circuit with which it is connected is always less than the 
mical power used in driving the machine. The difference is 
bed in the m.irhine itself, and is transformed into heal which 
s the dynamo, through the effects of friction, hysteresis, eddy cux- 

and the C*/i loss in the dynamo windings. ^^ 
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If this difference is great, — that is, if the interna! Losses are gi 
the dynamo ma.y not be a satisfactory ooe, and we say its Efflcii 
low. The actual value of the efficiency is found through dividii 
number of watts delivered to the circuit by the dynamo, by the 
ber of watts representing the mechanical power iised in drivit 
machine. In other words, the effidtneyis tqual lo the ratio c/ the 
taken out of a machine lo the power put in. This definition appi 
all classes of machinery. 

When a machine is caused to operate as a motor by furnishing c 
to it from an external source, the same losses exist, so that the ai 
of electrical power which must be furnished to it is greater ths 
mechanical power which is taken from its pulley. 



PROBLEMS 



tic)^«3t 



A. If 25 hone power ire used in driving a dynamo of 15 kilawitti a 

it ii fnniiihing its full capacity to the external circuit, what is its full luad d 
(Aid; Redace all power to wattB.) ,4>l>. So.4% (approx.). 

B. A motor requires to kilowatts to enable it lo supply its full captkcit] 
hone power tn its pulley. What is its fuU load efficiency? Ahs. 74.6 per cen 

C. The motor of Example B iviU have essentially the same efficiency when 
M a dynamo. If it gives to the external circuit 746a watts when moniii 

dynamo at full load, how many hont 
will be required lo drive it? An 
H. P. (approi.), 

209. Series, Shunt, ud Com 
Wound Dynamos and Fields. - 

exciting current for the field! 
dynamo is almost universally f 
ated by the machine itself, the 
ure at starting being obtained) 
slight residual magnetism thi 
mains in the magnets. In on 
distinguish the several methc 
winding the fields, dynamos n 
X)y. divided into three classes. 




Fia 130. — Diagrai 
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woond (Fig. 130), in which the field winding is connected 
■ilh the extetDil circuit, and all the current generated by the 
glasses through a thick 
I is wound a compara- 
times aiound the field 

tt-wODnd (Fig. 131), in 
Seld winding of high te- 
I connected in parallel, 
:, to the external cir- 
only a portion of the 
jcnerated by the dyna- 
I around the liekl cores 
A great many turns of 




Fig. 131. — Diagram of Shunt-wound Dy 



Mund-woand (Fig. 133), 

a combination of the 

so that the fields are 

i in the same direction by both a shunt and a series winding. 

dynamos of the same size and shape have fields wound in the 

lent ways, the number of ampere turns in the magnetizing 
coils must be the same in each. 
Since the series winding carries 
a large current, the number of 
times the current must pass 
around the magnet core to 
make a given number of am- 
pere turns is comparatively 
small, and the winding has 
comparatively few turns. The 
shunt winding carries a com* 
paratively small current, and 
this current must, therefore, 
pass many times around the 
core in order that it may have 
the same magnetizing effect as 
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the large cunrnt passing a few timea around the core. 
pound winding, the number of scries turns and u( shunt turns must tH 
so proportioned that the number of ampere turns made up by boti 
together shall be approximately the same as in the other cases. 

210. Characteristics of Field Windings. ^ The purpose fur which a 
dynamo is to he used almost always fixes the style of its field windings, 
Series-wound dynamos are or-. 
dinnrily used for fumisbiog sc 
current of constant strength toi 
arc lamps which are connecIMl' 
ia senes (Fig. 133). SeritsJ 
windings are also used on li»e' 
fields of street railway motors. \ 
Shunt or compound wound j 
dynamos are used for famish- 
ing the current to incand»- 
cent lamps or electric motois 
which are all connected in par- 
allel (Fig. 134), between wires which are kept at a constant difference 
of pressure ; and shunt-wound motors are commonly used to fuinisn 
power for stationary purposes. 
Compound dynamos have 
quite an advantage for furnish- 
ing current to be used by elec- 
tric motors, that is, for power 
distribution, because they au- 
tomatically keep the pressure 
constant through the combined 
action of the shunt and series 
field windings. The pressure 
supplied by shunt dynamos de- 
creases to a certain degree as 
the current furnished by the fig. iji.-Co>.n«iion of Umpi imaged i« I 

I'arallel with Slium-wouiid Oyouno. 

armature increases, on account . | 

of the resistance of the armature, and because the magnetism set up bj 
the current in the annature coils interferes with the field magnetism- 
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The magnetizing power of a series winding, of course, increases with 
ihe mrrent which is furnished by the machine, and the natural fall of 
pressure in a shunt dynamo may be entirely overcome, or even reversed, 
h the addition of series turns. 

^V'hen shunt dynamos are used, it is necessary to regulate the st 
of ihc field magnetism by means of a variable resistance which i; 
netied into the field circuit as is shown in Figure 134, This resistance is 
orten called a Field Rheostat or Hand Regulator. 

Zil. Materials of Coastruction. — In order that the number of ampere 
' '■■«■ lequired to set up the magnetism in a dynamo shall not be exces- 
it is important to make the magnetic reluctance in the path of the 
-- ijf force as small as possible.' On account of this, the magnet frame 
•"'"(losing the magnetic circuit of the field is made substantially of iron, 
'n many maciiines good wrought iron is used because its permeability is 
Sftlter than that of cast iron, but cast iron costs less per pound than 
^tiughi iron, so that some manufacturers use cast iron in the fields of 




Fig. 135.— Ouilinc DrawinE of Vyna 



heir machines. In this case a greater weight of cast iron is used to 
t)akc ap for its lower permeability, but on account of the smaller cost of 
^asi iron the heavier machines may not be any more expensive than the 
igbter ones in which wrought iron is used. Figure 135 shows a very 
ommon form of machine in which the fields are made of wrought iron, 
rith the exception of the yoke, which is of cast iron. 

In many dynamos and motor;; the magnet frames are made of very 

oft Steel castings. This metal has fine magnetic qualities, and, there- 

we, is specially excellent for use where Ught weight is important. The 

■ ARidei 130, 131, soj, uid 306. 
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field of the great sooo horse power dynamo which was used to fumidl 
current to the electric motors of the Intramural Railway at the World's 
Fair, and which is now furaishing current to electric street car motors, 
is made of steeJ. Figure 136 
shows a street railway motoff 
with a steel magnet frame. 

Armature cores are made of 
disks punched from thin sheets 
of soft steel or wrought iron, 
and are held to the shaft by 
clamps and keys. 

Not only does the materiil 
from which the frame of a dy- 
namo is made depend to some 
extent upon the use for which , 
the machine is intended, but the | 
fonn of the machine is also a matter of choice which depends to a I 
considerable extent upon the purpose for which it is to be used. For in- ' 
Stance, the motor shown in Figure 136 is ironelad, that is, the steel frame 
surrounds the field windings 
and armature. This arrange- 
ment protects the windings 
from danger of mechanical 
injury, and from the danger 
of being splashed by water 
thrown by the car wheels 
from puddles in the street. 
Water will quickly ruin the 
insulating qualities of the cot- 
ton thread and canvas which 
are largely used to insulate 
the wires on dynamos and 
motors. 
The very best copper wire, either round or rectangular in form, is 
> used for winding armatures and fields. This wire is covered with a 
f double or triple covering of raw cotton thread. When the wire ii 




Fig. 137. — Four-pole Dynanno. 
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place, it is varnished and baked. To keep the wires from contact with 
the iron, and one wire from another, mica, vulcanised paper fibre, 
asbestos, oiled paper, fuller board, shellacked canvas, and various other 
materials are used. For insulating the segments of the commutator from 
each other, mica is used. Great care must be exercised in thus insulating 
the parts of commercial dynamos, as the large amount of heat generated 

id the tendency of the wires 10 chafe against one another is apt to cause 
irl circuits, with the resuttant injury or Burning Out of the machines. 

S12. Hnltipolar and Consequent Pole Dynamos. — The dynamo shown 
10 Figure 137 has a field with four poles, and that shown in Figure 13S 
has a field with twelve poles. These are called Multipolar to distinguish 
them from two-pole, or Bipolar, machines. Multipolar machines may have 



ine 




Fig. 136. — Tiidve-pole Dynan 



any number of pairs of poles which their dimensions will admit. The 
annatures for multipolar machines are wound upon ihc same principles 
as those used in bipolar machines, which have been explained. 
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Figure 139 gives a diagram of a four-pole machine. The arrows 

ate the magnetic circuits, of whicli there arc four ; and there are also 

four parallel paths in which 

the ciiireni may flow through 

the armature. The number 

of sets of brushes required 

to uke the current from the 

commutator of a multipolar 

machine is commonly equal 

lo the number of poles, but 

certain special 

are made io 

the armature, which make 

it possible to use only two 

sets of brushes. 

A machine having the form 

shown in Figure 140 is often 

lachine, because the lines of fiwce 

he centre of the frame. 

have forms which are simply vari- 




FIG. 139. 



spoken of as a C 
appear to enter ihi 

Nearly all dynamos and i 
ations of those shown in this 
article and the preceding 
one. Dynamo electromag- 
nets always have an even 
number of poles, since mag- 
net poles always go in pairs. 

813. Dynamo CoDoectiona. 
— When a dyn.imo is started 
for the first time, it is neces- 
sary to magnetize its fields 
from some other machine. 
Tie in'ii usually holds sufifi- 
dent residual m.ignclism ' to 
ifter start the m.tchine 
Ittion, nnd wheneve 




Fig. 14a. — Consequent-pole Dynamo. 

Started it will quickly build up its fl 
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neiism to full strength. In order that a. dynamo may properly mag- 
netize itself, it is necessary that the field windings be connected to 
the brushes, so that the 
current generated by the 
residual magnetism will 
pass around the fields in 
the proper direction. If 
the connections are made 
properly, but the direc- 
tion of rotation of the ar- 
mature is then reversed, 
the connections must also 
be reversed. This is il- 
lustrated in Figure 141, 
which shows the differ- 
cncc in the connections 
of a shunt dynamo whei 
reversed. 

214. Dynamo BrusbeB, and their Proper PoBition. — The most impor- 
tant detail to look after, when a direct current dynamo is in operation, 
iition and position of the brushes. Dynamo and motor 
: sonietimes made of copper, in which case a bunch of 
copper wires, or a number of thin copper 
sheets, carefully l.iid up together and sol- 
dered at one end, are commonly used, as 
are also brushes woven of fine copper or 
bronze wire. Copper brushes usually touch 
the commutator on a bevel {Fig. 14a). 
Sometimes carbon brushes are used. These 
are usually blocks of copper-plated carbon, 
which touch the commutator either on a bevel or radially. The brushes 
are held against the commutator by means of spring Bmsb Holders. 

When in proper position, they are exactly opposite each other on a 
certain diameter of the commutator of a two-pole machine. With the 
brushes in the proper position, a good machine will usually deliver its 
current with little or no Sparking, while the machine may sparlt badly 



of the armature rotation ia 



brushes i 




CHAPTER XVI 
jazBuumc ctkuxts and jujtmsjanic cdkrbit 

lUCHINEXr 

I *9 ita &HB Lnr*.— A 

K ^i Bii' Wwl Bi tbc mindi ^ 

I «tt Ac flow <tf oood n aoas efccBK 

crmeats aad of ^ te n u tng decxnc c mi m »i are almost eatirrlf mictalei 

•lus p'^'"* ide*, bowem; k aitncuss ; the [idDcq)ie£ wtiidi rdauU 

.^c A(w of tiucHK uu T CMs , «taciha ifacct cr jliermtui^ and «ttA 

^r ififiKed to the dcs^ and DoastnEtMO of wiiHwaen and dicnt^ ^ 

.■a« aiKl dM suae. It b draiahir, tfacnfare, befcve uldng ap dK 

vjtyect of dus dopter, lo ^ve a few nnple iBostxuioQS far tbe pnipn' 

«<f ittiMnDg Im» tbc fandamrpUl fans wiach ban been tieaied ■> 

IwrtiMB I haptCTS apfilf eqaaSf b> cltx.uk : cairents of all cbancUs. 

\^'^lCIl 0«r$ied, ia iSio. Dsde knowa his sgDal discoveiy tlut U 

uitrnt ucrtsa magnetk ioBneacc IB die qiacc aroond iI.tlK 

I was begon far our boow fc d gg of dte laws of tbe Aow of 

i I ^ Lurreots. Hltlnir a docen or fifieeo jcais tbocafiet vaA 

t<(.'»K\li;v of the cl«mc cmrcnt had bnn' riiTactM-ri oat experimenuI'T 

Iw iwvM like Aropire, Aiago, Faiadaj, and Heiuy. And the last tw 

kkM the (ini^iog stone oa the foundatkiD hj searching out and nuknE 

iwn the taws of electromagDCtic iDdocdoD. 

• Appiiieni flow of dectric cmrent may be Ekened to the flow of * 
I, Wa\ It »MV be either ContiniuHU, PnlutinK, or AUenatiiig. 

Oontlnttons Cottenta compared to Flow ti Water. — The Gm 

Jttoui to the flow of an unbranched river through its channel, in t 

IfKUn \^( uniform How. The water ilows continuously onward wilboot 

he*it:Hion. The velociiy of the stream is affected by tb* 

I of the banks and the contour of the country traversed ; hnt 
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irle that does not develop a counter electric preuuie? 
•f tbe Conservation of Energy applies to the work pnt in 

ii pioportioDal to the diSef 



a dynamo ot motor? 



is slatted? 



of large wire? 



SO. Can a moloi 
y, TeU how ihi 

m\ obumed from i 

jl The cucicnt that flowa thiough a motor 
tncc oi wbat pressures? 

5j- WbU lie the causei of the power losses 

jt. What ii meant by the diiciency of a Jyni 

5j. What is meant by the eSicicncy of a mol 

5^, 0!h1;bi use is residual magnetism, when 

3;, What is series winding? 

)S. What is shunt winding? 

59. What is compoimd winding? 

to. Wliy are the windings of a series field composed of few 

61. Viliy ue many turns of small wire used on a shuni fieUI ? 

01 Km what purposes are series-wound machines ordinarily used ? 

6j, For what purposes are shunt and compound wound machines ordinarily u 

04, Why does the pressure of a series dynamo increase with the current? 

K Why does the pressure of a shunt dynamo decrease with the current? 

'ii. How can a compound dynamo be made to give a constant pressure? 

'']■ Will the pressure of a series dynamo increase with the current after the 
ui ibe luignctic circuit haa become saturated ? 

6B. Willi Is B field rheostat? What is it used for? 

I^- ffhsl tind of materials ace dynamo magnetic circuits made up of ? 

70, Wliy are the conducting windings of dynamos made of copper? 

7I' Wbil insulating materials are used in dynamos? 

?!■ Why mast dynamos, or motors, be kept dry? 

?}■ What is an iron-clad machine? 

k^^. Whii ii a nioltipolar dynamo? A bipolar? 
B- Whst u a consequent-pole machine? 
16 Whr must the field coil terminals be reversed, when the direction of 
Rnsmo is reversed? 
S< Would any pressure be generated by a machine, if its direction of 
"te levtTjed, but Its field coi! teiminals remained the same? 
78. Wist is the shape and material of dynamo brushes? 
7?- Whit will happen if the brushes are not placed in the right position? 



>> Wbi[ is the right posilii 









f- What effect may change of load have on the sparkless position of dynamo «i 

^brashes? 

h What we the important features in the construction and opcTBtioo of ^ 
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k IraKS of obseiTatioas. Finally, by rfiawing a line through the top! 
ETTicib we have a chart which shows, by the veriical heighi of 
, ibe me of flow at any time during the twenty-four 
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raphical Record of CoDEtanl Cuirenl. 



^^B Id Ae c&sc we are considering (that of continuous flow) the lin 
^^■kswn lhroti{:h the ends of the verticals is a horizontal line, that is, tiM 
^^Eurt xhows that the flow of the water is unifonn. 
^^^118. Pulutlttg Currenta compared to Liquid Flow. — A fuha^ 
CtjtfTtut n»y be likened to the flow of arterial blood. With each hcu}- 
beat the blood rushes forward and the" 
slackens in velocity, and then 
rushes forward as the heart beats again- 
Our chart, which shows llie quantity of 
blood flowing through the arterv at «"■ 
il.-ar«rW«i Record o/ Jnslant, is in this case composed of a 
|^ltHllNC Cuitini, wavy Une which never crosses the tt^ 

line, as is shown in Figure 147. 

\ hnrtionlal scsje now, instead of being made in hours, may be F 

f conveniently made in seconds or fractions of a second, since tbe I 

ImI IHllwIlon* come many times per minute ; and the vertical scile I 

• titiidc to represent a flow in fractions of a fluid ounce per second I 

I of nillons per minute, because of the limited amount of hlood | 

II an artery. The vertical height of the wavj- line in th* | 

e the horizontal scale hne) still shows the amount of blood ' 

m li insLinl, corresponding to the times read on the homoDial 

\ frtquency of the heart-beats Is the number of pulsation! 

I, which is not far from 70 in the average human adult, 

t Period, of the pulsations is, therefore, not far &om 
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p«i ft minute. The period is represented oa the chart by the time ' 
at has elapsed betweea two like poiots, as the two points of greatest 4 
nr, a and i. 

S19. Alternating CuirentB compared to Flow in Tideway. — Finally, ' 
le aiUmnting current may be likened to the flow of water in a narrow ' 
deway. As the tide rises, the water rushes up the channel until near 
igh tide, when the flow gradually ceases, turns, and then with increasing 
ow the water rushes down the channel until near low tide, when its 
atward flow gradually ceases, turns, and with increasing flow the water 
«gtns to rush up the channel again. The action is repeated again and 
gain as the days pass by. The perioii of the complete action, or Cycle, 
i bttlc over twelve hours, and the Jrequency is, llierefore, nearly two- j 
Kriods per day. We can represent this 
ttlemating fiow, or current, also by a 
chart, as shown in Figure 148. 

Assuming the period lo be exactly 1 
weWc hours (which is near enough for | 
>!» analog)'), and taking a day in which ■ 
^W tide occurs at la o'clock, noon, then, 

Mthistime (12 o'clock, noon), no Bow is ^"l, MS.-Gniphl™! Record of 
* 1/1 One Cycle of Allernaling Current 

^toirring ; a little later the fiow is up the ol Tidal Flow, 
channel as the tide rises, and the rate of 

8ow increases for a time. This portion of the tidal period is represented I 
oy the portion of the curve between a and b in Figure 148. It is lo be 1 
"Orae in mind that the vertical height of the curve shows the amount 
of «aier flowing per minute at the instant considered (not the height of 
"le water). The flow continues up the channel for a further length of 
'line, but at a decreasing rate, until high tide is reached at 6 p.m. 
Uen, for an instant, there is no flow of the water. In representing this, 
Ctltciuve (dropping down from /') crosses the line of zero flow at the 
JWiiit marked c, which corresponds to the instant of no flow at the time 
of high tide. 

Haifa tidal period has now been completed ; the tide has reached its 
lood, and begins to fall, and the flow, therefore, reverses and runs out- 
rards. Since the Bow inward or np the channel is shown on the chart 
IT a vertical distance above the line of zero flow, it is natural to repre- 
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sent the out«'ard flow by a vertical distance below the line. After fl 
turn of the tide, the amount of flow increases for a time up to the nuxi 
mum, and then decreases as the low bd 
is approached. This is represented bj 
the curve from c through d to a'. Al tin 
latter point low tide has been rcacbe^ 
and an entire cycle of the lide has 
completed, and is represented on the 
chart. The chart might be continiwt 
indefinitely, representing the cycles of successive periods if desin^l 
as in Figure 149. 

220, Phase of Flow. — Ii is well known that the character of the tidd 
flow is greatly affected by the character of the channel. For instaw^ 
in a narrow, crooked channel the phase of the flow is retarded as 
proceeds along its length, through the bufleting action of the banks ; ai4 
the times of high and low tideS, when the flow in the channel is vss, 
may not correspond with the times of similar tidal phases in some othff 
channel or in the open sea. In this case we may say that the tide ii 
one channel Differs in Pbase from that in the other or that in the sea 
and a chart may be drawn to represent the respective cycles of sea uw 



Figure 150. lo this figuW 



channel tides at certain selected point: 
the tidal cycle in the channel is shown to be 
Retarded, or behind the tidal cycU of the sea. 

Alternating currents of electricity, flow- 
ing in branch circuits, may be at diflerent 
pil.tses, and they may be represented on 
B chart entirely similar to that of Figure 
150, The currents are said lo be Out of 
Phase, and may be said to be in advance 
of or behind each other, depending upon 
which is looked upon as the datum for comparison, — exactly, fijr in- 
stance, as we may with equal propriety and ihe same meaning ^ 
either that the channel lide is behind the tide of the open sea, ot lb*' 
Ihe lide of the open sea is in advance of the channel tide. 

SSI. Summing Up. — To recapitulate, the electric current may l^j 
CuatlnuouB, Pulsating, or Alternating. The fir« is likened tO«c(H>t>Blf. 
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■us flow of a river; the second, to the pulsating flow of arterial blood 
^d the thitd, to the alternaling flow of water in a tideway. Continuous 
tsd pulsating currents, that is, currents which flow continuously in one 
direction, are called Direct Currents. 

28S. Electric Current Flow compared to the Flow of Water from 
PmnpB. — We may give another set of analogies so as to emphasize the 
lelations still more decidedly. 

I. A (ontinuous current is like the uniform current 
of alter set in motion by means of a centrifugal pump 
fipetaied at a constant speed (Fig. 151)- 

1. A pulsating current is like the current of water 
«1 in motion by a piston pump. As the piston moves 
fannrd in the water cylinder the water therein is 
b«d lo flow through the delivery pipe. When the 
pi'loti teaches the end of its stroke the flow slackens 
■ ' cJses, and, as the piston returns on the stroke. Water, 
: ill w again proceeds as before through the delivery 
I ind slackens as the piston reaches its initial position (Fig. 152). 
This is repeated as the stroke is repeated, 
and the action causes a succession of 
impulses to the water, with intervening 
pauses or slackening of the current. 

3. An alternating current is like the 
current of water which would be set up 
in case the delivery and suction pipes of 
the piston pump were connected directly 
'^(gnlier, and the valves removed. Now, as the piston moves back and 
^Wli, the water flows unceasingly back and forth, alternately from one 
of the cylinder to 
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Fig. 151. — Ceoiri*- \ 

uga! Pump, 

ItiiG up Conlln- 1 




long 
operated 



•tie other, 
Uie pump 
(Fig. 153). 

Figtue 153 shows 
Nearly that a complete 
:yde of the alternating 
xnrent is produced with 
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Mch revolution of the pump-driving shaft, that is, with each 360 c 
of Angular motion of the shaft. We may, therefore, for the sake t 

veni fence, divj( 
horizontal ler 

into 360 parts fi 
pfhadof tht Re 
call the parts 
instead of tract 
time. This is 
trated in Figui 
which shows I 
Ivnating; inrrents of different phases. We may speak of these 1 
iWK i** <l<?grccs difference of phase, or they are 30 degrees apan 

B cross the horizontal axis at points which arc 30 divisions or c 
; 
t> FormB of Current and Pressure 
M. — The aliernaring curves which 
M* akown in the preceding figures are all 
HPOUh curves, but actual waves of aller- 
Mti>t|! electric currents and pressures are 
MiMlty ntore or less irregular in outline, 
4Ih1 Ktmetimes they are very irregular ; but 
fMx'fwivr loops ftie ordinarily ^milar. Two alternating current 
|)K owttinc* of which were detertoined by experimental means, an 

in Figures 155 and 156. 

_T ' ■■^' '■■■-• - — — 1 It b also a fact thai alternating 

>, r.es do not have the same 

r.w-er any iron is magnetiied 

rents, which is nsoally the case 

\ wivrs of ]wessure which are appliei 

■ I ciiTuits to ptodoce the currents 

. ^ curw id Figure 155 was set u: 

^ ■»■ smootti pnsaun wvre with a ibci 

'* hke a sine curve, while the ci 

Figaie 156 is a. cHie at qi q t a 





I %ei up by a quite flat-topped, sieep-sided pressrire wave. Chang- 

og ihe iron or other conditions of tiie circuit would produce changes in 

iiE?se current curves, though the pressure curves remained unchanged. 

~'.ii ElectTomagnetic loertia or Self-induction. — If a heavy block is 

;;ded so that it is perfectly free to move, and then is struck a sharp 

, tot an instant it offers a force which opposes the force of the blow 

■! .Ts though the block were rigidly listened. This opposing force 

■ ii known to be caused by [lie Inertia of the block. Inertia 

ri.e which tends to violently oppose any sudden change in the motion 

ui a body, and when the suspended block is started swinging it may 

iinke a considerable blow upon its own account when met by 

otfiUcle. 

^V'hen an electromotive force is introduced into an electric circuit, thi 
ciicmi, by a kind qI eleclromagnelu inertia, opposes the immediate floi 
of the current (very much as the inertia of the suspended block opposi 
lh( force of a blow before the block moves), and the rise of the current 
in the circuit is retarded. If the circuit is severed or broken while cur- 
'cni is Howing, the electromagnetic inertia makes an effort to uphold the 
wnetil (as the swinging block is difficult to stop), and an electric spark 
appears as its evidence in the gap between the severed ends of the wire. 
Joseph Henry originally discovered the cause of this retarding efl'ect 
sbwit 1832, and Faraday (whose name is almost a household word on 
^count of his discoveries in natural philosophy, and especially in elec- 
'''ciiy and magnetism) was well acquainted with it as early as 1835, and 
''Mcribes it in his " Experimental Researches." He says : " Returning 
'oihe phenomena in question, the first thought that arises in the mind 
" ihiil Ihe electricity circulates with something like momentum or inertia 
in the wire, and that thus a long wire produces effects, at the instant the 
wrreni is stopped, which a short wire cannot produce. Such an ex- 
planation is. however, at once set aside by the fact that the same length 
of wire produces the effects in very different degrees, according as it is 
iimply extended, or made into a helix, or forms the circuit of an elect 
nagnet." He then shows that the apparent inertia is due to th< 
nagnetic effect of the current. For instance, he says, " Further in- 
estigation led me to perceive the inaccuracy of my first r 
oded in identifying these effects with the phenomena of induction 



on , 

:nt ^^ 
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which I had been fortunate enough to develop in the first series of the 
experimental researches." 

Faraday further speaks of this as a retardation of the electric curra 
in the circuit, and ascribes the effect to the " induction of the turret 
itself," or ** self-induction " of the circuit.* The phenomena of electro 
magnetic induction were studied about 1850 (fifteen years after Farada/ 
experiments) by Sir William Thomson (now Lord Kelvin), Helmholti; 
and other scientists, who brought to their aid the powerful resources of 
mathematics, and their work was canvassed and discussed by Maxwd 
in his book on electricity and magnetism, who showed that the effect of 
Self-induction is truly the result of Electromagnetic Momentum, or Inertk 

225. Lag of an Alternating Current. — The retardation of the curreiii 
by electromagnetic inertia was shown by Faraday to occur when tki 
current is changing in value, and it, therefore, exercises a marked influ- 
ence on the ever changing alternating current, Faraday showed that 
the value of the changing current was retarded, or Lagged, behind the 
value which it might be expected to attain, and which a uniform currcnl 
under the same conditions would attain. We therefore know that an 
alternating current will lag behind the phase of the alternating electro- 
motive force which causes it to flow, if there is self-induction in the 
circuit. The amount of the lag depends upon the electromagnetic 
character of the circuit. Thus, a straight wire causes less Retardatioii, 
or Lag, than the same wire wound in a helix, because the helix increases 
the magnetic effect. Inserting an iron core in the helix may increase 
the retardation enormously, since the presence of the iron again in- 
creases the magnetic effect. Faraday said : " If an electromagnet be 
employed, the effect will be still more highly exalted," as compared 
with the effect of the plain coil or helix of wire. 

Faraday's experiments were mostly carried on with varying or pulsat 
ing currents, but later investigators took hold of alternating currents 
and much attention was given to the laws of flow of such currents a 
the time alternating current dynamos became known. 

226. 0hm*8 Law Modified for General Application. — We have studies 
in previous chapters the well-known ratio generally called Ohm's I^w,i 
which it is asserted that a continuous current is equal to the electric 

^ Article 142. 
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r:>iare upon a circuit divided by the electrical resistance of that cir- 

■■(. Thb so-called law is nothing more than a special statement of a 

ndition which may be recognized as universally applicable to the 

[.henomcna of nature. The general statement may be put thus : The 

Kbult of an effort is equal to that effort divided by the opposing rc- 

sisuncc Thus, for example, if we stretch an elastic material, the 

. amount of stretch depends upon the ratio of the pull to the elastic 

; of the material ; if we try to push a heavy block along the 

I Boor, the velocity of the block depends upon the ratio of the force 

I anted to the frictional resistance opposing the motion; and so we 

I COuW go on indefinitely illustrating the general applicability in nature 

L'^ this statement that any rtsu/t is dependent upon the ratio : irjfor/ 

Med by resistance. 

e IhcD have for the flow of continuous currents the rule that current 

I {resuU) is equal to pressure (efor/) divided by the opposition 

le current flow {resistance') ; but in the case of continuous currents 

.s no opposition to the flow of the current except electrical re- 

e (that is, the resistance which is determined by the nature, tem- 

ilurc, and dimensions of the conductor), whence we have Ohm's Law 

{the flow of continuous currents. 

' fundamental law of the flow of alternating currents follows 

[t!y from what has gone before. The alternating current flowing 

t is equal to the pressure divided by the opposition to the 

I of the current. In this case the opposition is made up of two 

!, one the electrical resistance spoken of above, and the other the 

due to electromagnetic inertia. 

l*"e have already learned how an alternating current may be produced 

"'-■ an armature having a single coil of wire which is revolved between 

'■!■-'.• pole pieces.' The ordinary alternating current dynamo or Alternator 

'iesigned on this principle, but is usually constructed with a number 

■J. coils on the armature and with an equal number of poles in the field 

magnets. In genera! construction an alternator is similar to a con- 

liauous current dynamo, but before we enter into a discussion of the 

detailed arrangements it is well to consider certain facts in regard t 

alternating current. 

■Article 196. 
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QUESTIONS 

1. Do the tame laws apply to the flow of all forms of electric currents? 

2. What great discovery did Oersted make? 

3. What three classes may electric currents be divided into ? 

4. Compare the flow of a continuous current to the flow of a river. 

5. Compare a pulsating current to the flow of blood in an artery. 

6. Compare alternating current to flow of water in a tideway. 

7. What are the " frequency " and " period " of a tidal current ? 

8. How can the '* phase " of the flow of water in a tideway diffier in different 
places? 

9. Describe pumps that will give continuous, pulsating, and alternating currents. 
- 10. What is meant by the statement that two alternating currents differ in phase by 
45 degrees? 

11. Are alternating current and pressure curves necessarily similar or regular in 
form? 

12. Illustrate the effect of mechanical inertia. 

13. Compare the inertia of a block to a similar property of electric circuits. 

14. Give a brief historical account of the discoveries concerning self-induction. 

15. Why does self-induction have an especially important effect upon alternating 
currents? 

16. If an alternating current is sent through a self-inductive circuit, will its value 
at any instant be the same as though the circuit were non-inductive? 

17. What would be the effect upon the self-induction of a coil if an iron core 
were placed within it? 

18. Give a number of illustrations of the ratio expressed in Ohm's Law. 

19. What is an alternator? 

227. Chemical Effect of an Alternating Current. — If a pulsating cur- 
rent which varies in value like that represented in Figure 157 is passed 

through a voltameter,* the amount of metal, cop- 
per for instance, which is carried by the cunent 
from the anode to the cathode is proportional to 
^ ,^ , . ^ the average value of the current. In other words, 

1«UJ. 157. — Pulsaung ^ . . J 

Current, the electrolytic effect of a pulsating current is de- 

pendent upon the average value of the current 
The electrolytic effect of the pulsating current represented by Figure 
1 5 7 is the same as that of a uniform current the magnitude of which 
is represented by the height of the line FG above the line AE. 

1 Article 157. 
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ff ihecunent from a single coil armamre is not commutated, but is 
wl mto the esiema! circuit by means of collecting rings,' as is done in 
;lfphone magnetos, the second loop of the curve representing the cur- 
ait fills below the line AE, because the current flows alternately J 
I one direction and then in the other. This 
shown in Figure 158, where the perpen- 
tular distances from the line OX lo the 
'vj line are proportional lo the strength of 
c current in the circuit at each instant. 
Jring the titnes represented by the dis- 
ic« ,JC, etc., in which the loops are above 
■ line OX, the current is supposed to flow 
one direction, and during the intervening times, CE, etc., in whicltJ 
' bops are below the line OX, the current is supposed lo flow in IhM 
ler direction. 

Si(fA an alternating current can have ne electrolytic effect in an ekc-\ 
fylic cell like the copper voltameter described in article i§j, since the 1 
ciric current which flows in one direction for one instant flows In the ' 
Msite direction for the next instant, and consequently the voltameter 
'm are alternately anode and cathode, 

!28. Heating Effect of an Alternating Current! Instantaneous Squares, 
^different relation exists in regard to the heating effects of pulsating 
and alternating currents. It is to be remembered I 
that the heating produced by a continuous current J 
when it flows through a circuit is equal to the cur- i 
rent squared multiplied by the resistance of the cir-p 
cuit.' The healing produced by a pulsating currenn 
is equal at every instant to the value of the current 
at that instant squared and multiplied by tlie resist'\ 
\ anceof the circuit. 

f A curve may be drawn, as shown in Figure 159, 1 

the height of which at each point is equal to ihe j 

square of the corresponding height of the curve I 

■enling the current. The height of this curve of squares at each j 

iproportional to the power expended in heating ihe ( 

1 ARicle 196. 1 Anicle tta. 
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the corresponding instant. The same lotai power would be exptndt^ 
»m Af einiU fy a eoiUimiiPUs eurrenl whose square is equal to the aver- 
age height of the eurve of squares. 

In Figure 160, the line APCQE repre- 
sents the curve of squares like ihat already^ 
shown in Figure 15(1 extended to two loops* 
which correspond wilh the two loops of pul- 
sating current ABCDE, and the height of 
the line /"G above (7.V represents the sqoire 
of the continuous current which causes the 
same heating in the circuit as the pulsating 
cuTTcnl. The height of the line FG is 
Btttcr than the square of the average ^-alue of the pulsating current 
' Ike healing effect of a pulsating current is grttkf 
Uefa fouHaufus current equal ta its average lvalue. 

I reason for the latter fact may be easily seen. The squares of 

•ambers increase in m^nitude much more rapidly than do the numbcn 

riirmselves. For instance. 6 is twice 3, but the square of 6, or 36,1* 

iMt times the square of 3. which is 9. On account of this, the astf- 

■ ^ llm squares ft difertnt pi'titive uMmhers is alvays greater ri" 

t if At average if the numhers. For instance, the average 

1^ Jk *nd 8 b 15 divided by 3, or 5, and its square is 15. Th' 

I of these numbers are respectively 4, 35. and 64, which gi^e^ 

t of 93 divided by 3, or 31. Sow, if we square the value 

IE current at each instant, we hat.-e the squares of a lup 

H «f r«ihies which range Irom lero to a maximum, and the avenge 

ff «)ttiuvs is greater than Ibe square of the aven^ of the originil 

• Mr Am4V ff*^ *f ' emrremt is entirefw tudrpemAmt ef its £r«- 

t«'mr .-KfTTK/. suck as erne fft/wse iSastivUdim figunt /Jif> 

f ^jjf^ Asfr»Jf exitctf* He tatme fifrer im keatitig a eircwUtfpit* 

tutuJui imtf a pmbaliug emrrtnt. 

\ •( C«n«Bt aa4 PntMre. — When there is no self' 

t disputing Ciclor tn a ciicint, tbe power expendt^ 

||t)iM][S equal to C x £ {cwrent times etectric pressuie)- 

I IW pre^ure and rt wl l iag cnrreal are pulsating oi 
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\g, wt have a scries of products of values, the average of which 
than the product of the respective averages of the current 
hre. 

K ABCDE, ID Figure 161, repre- 
clectric pressure applied in a cir- 
AbCdE the resulting current. At 
lot the power expended in sending 
U through the circuit is equal to the 
H the corresponding heights of these 
The height of the curve APCQE 
point is equal to the product of the 
(ding heights of the current and press- 
is. Curve APCQE may, therefore, 
A power curve. Both its loops are placed above the line OK 
fcey both represent power expended in the circuit. 
rerage power expended in the circuit is represented by thi 
F the line FG, which cuts off the tops of the loops so that they 
Ify fill up the intervening valleys. The height of the line HJ 
the product of the average current by the average pressure, 
seen to be less than the average power represented by the 
tiie line FG. 

tSectire Current and Pressure. — When we measure the value 
mating current we desire to find the value which, when squared 
^tied into the resistance of a circuit, will give the heating eifect 
irrent. This is called the Effective value of ihe (urrent or the 
Aurent, and it is greater than the average value of the current, 

already seen. 

Isuring an alternating electric pressure or electromotive force 
K desire to find the value which, when multiplied into the effec- 
Dt which it causes to flow through a circuit without self-indue- 
give the power expended in the circuit. This is called the 
Pressure or Effective Electromotive Force, and is larger than the 
ressure. 

explanation given above, it is seen that the effective value 

an alternating electric pressure is eguai to 

not 0/ tfu average 0/ all the squares of t fif insta ntaneous 
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values of the current or pressure during the time represented by o 

in the figures. The effective value is, llierefore, ofteD spokeK 

" square root 0/ the mean (average) square." The power in a circuit S 

out self-induction b erjual to the product of the effective curreiU 

pressure. 

231. Alternating Current Measuring; lastraments. — Since t 
cations of an elec trod y nam ometer or of a hot wire electrical lU' 




Htniment are proportional to the square of the current flowing through 

c instrument,' such instruments are excellently adapted to meBsniing 

Kternating currents. The number of alternations made in each minute 

J the alternating currents which are ordinarily used is so great that the 

povablc coil of an electrodynamometer acts exactly as though it were 

1 around by a continuous force proportional to the average of the 

tarts sj &e instantaneous values of the current. The square root of the 

1 ArUdei 176 nod v^ 
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i^iicalion of the instrumenl is, therefore, proportional to the effective 
-me of the alternating current flowing through its coils. One form of 
Ijrnamotneter which is commonly used for measuring alternating 
canaits is shown in Figure 99. The mechanism of an alternating cur- 
ten', volimeler made upon the same principle Is shown in Figure 162. It 







iling CuiTf n 



' ■ ""vident, as these instruments measure continuous currents or presstii^ 
"f effective alternating currents or pressures, on the same scale, that^ 
"lay consider the alternating values as equivalent to continuous cunv 
w pressures thai have the same heating effect in a circuit. 

The conttruction of ihe Weston allernating current vollmclcr may be under 
brfellDwiDg the figures, whkh are lettered alike. The inslrumtnt : 
oD the principle uf the clectrodynamometer. B is the movable i^oil, and AA itd 
aitionaiy or fiied coil. M, !^, axe binding posts. /, A' ore extra, 1 
u a ipecisl variable resistince nsed to current the readings for variations of tempera- 
lure. D a a push button twitch, and f, C are springs through which tbe current 
leaves the movMe coil Fa Ihe needle or pointer, H '\% Ae scik which 




s^inc «ay, whea an ahentaHngeurrtiti u pt 
■unp, dw amotmt of power which is npa 
inlD light and bc^t, b also ei]iu 
mA £* sv the cffectirc valne of ihe current and ja 
:m pnfn akeniadiig curreiu instrameals which i 
cte rji. Wc ifacrefare see thxt an incandesceot li 
B « ^c mneen candk-powcr at a pressure ai, sajr 
when it is connected to a coosunt pies 
cnireni at a uniform pressure of 
to a cticait which furnishes it altema 
of no rolls. If the current floi 
the coDlinuous currenl di 
a^KicmetcT of any kind, and a measi 
\u^ is connected to the alternating cuR 
IT, esacti)' the same amountj 
the lamp in the two cases. 
vaa feet of Nol 7 B. & S. gauge insulated cop| 
Kodcj ODC-tenth of an ohm at ordini 
i X. ffiifiii , l eq an e s oaty ooe-ienth of a volt to s4 
MHH» CTBRH tfaiOQgh it. This is true whether f 
«■ naa^iL wvaad in a simple coi), or wound aiof) 
B3 ac iLilrmrF of the wire at a given tcmpeiatl 
^ cnss sectton, and material,' and none 
I ■MiililH Dp the wire. 
niritie camnt o^ say. a frequency of 1 
dMSBUions per minute) through this *, 
wm. mvures a tenth of a rait elTectire pr( 
Mr of a ooittiouous cnn-ent. Th( stn^ 
HiA <U same way tmoard eontinuout I 
I «s dacs the incandescent lamp filani^ 
a a bent wire made of carbon. 

r frrssure than one-ten^ I 

r Arttigk the wire, whilf if J 

,»* 0rrt mtj it *r mueA as i 

t awtr>r Are»gk Ihe wirt. 
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■ Ve know ihal tAe resistance of the wire is not changed by coiling it t^ 
^ ty tvinding it around an iron core, so that the actual resistaoce ii 
e-teath of an ohm all the time. This is proved by the fact that coil- 
be wire and winding it around an iron core does not change the 
mt of pressure required to send one ampere of continuous current 
It also may readily be proved by measuring the resistance 
e by a Wheatstone bridge when the wire is stretched straight 
I when it is wound on an iron core, 
■Bction of the alternating current as thus seen might lead us to 
B that the flow of alternating currents does not follow Ohm's Iaw.* 
» of alternating currents does follow a law like Ohm's, however, 
e peculiar action described is explained in [he following articles. 
\ Kfiect of Self-induction is caused by the Magnetic Field created 
— In Aniclcs 142 and 224 it is described how either an 
B or a decrease of current in a coil is retarded by the magnetic 
f the different turns of the coil lending to slop any change in the 
This effect is magnified to a large degree when the coil is 
f on an iron core, since the iron largely increases the magnetic 
■ the turns and so increases the self-induction of the coil; 
e stretched out straight or bent in a hairpin, like an incan- 
k lamp filament, has very little self-induction. 
H a battery is connected so as to send a current through a straight 
! current rises to its full value, according to Ohm's Law, almost 
When the same wire is coiled up and connected lo the bat- 
e current does not rise to its full value JnstanUy on account of 
he retarding effect of self-induction, but the delay is only a very small 
^action of a second. Now, when the wire is wound on an iron core 
: 1 then connected to the battery, the effect of self-induction is so great 
.\ takes quite an appreciable portion of a second for the current to 
!o its full steady value. The final steady value reached by the cur- 
I! not changed by the self-induction, but is fust the same in each 
/ the pressure is uniform, because the self-induction can have an 
: only while tiu current is changing in value. 
A^ explained in Article 141, when a current is rising in a coil it 
Vi haes of force, which in turn set up a counter- electromotive 
^ Acticle 9a. 
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which dams back the current ; but when the current is falling, the dH 
appearing lines of force set up a pressure in accord with the dixectlfl 
of the current which tends to keep the current flowing. I 

235. Current Lag.^ — An alternating current changes all the ti$fu, M 

that it never has a steady value, and the effect of self -indue Hon is MmI 
fore felt by it all the time. While the current is rising, self-indactidl 
tends to hold it back or keep it from rising, and when the current fl 
falling, self-induction still tends to keep it from changing. The resaH 
is that in a circuit having self-induction an alternating current is ahst^M 
retarded a certain amount behind the alternating pressure which sets fl 
up. The current is said to have a Lag. This same retardation caoadl 
the maximum value of the current to be smaller than it would be wtnk 
there no effect of self induction, I 

236. Impedance. — We, therefore, see that, where an alternating ciff>l 
rent flows through a circuit which has such a form that its self-induM 
tion is appreciable, the alternations made by the current come a small 
fraction of time later than those made by the electric pressure, and the J 
value of the current is smaller than if no self-induction were present i 
The effect is exactly as though the current loops of Figure i6i were not 1 
placed directly under the pressure loops, but were pushed a certain ■ 

small amount back of the position of the 
pressure loops. The curves are so drawn in 
Figure 163, which is similar to Figures 150 
and 154. 

The effect of self-induction in decreasing 
the amount of alternating current which flows 
in a circuit depends upon the magnetic effect 
which the different parts of the circuit have 
on each other, and also upon the frequency of the current. The same 
result is brought about as would be given by increasing the resistance 
of the circuit a certain amount. It is therefore usual to speak of the 
Apparent Resistance, or Impedance, of a circuit through which an alter- 
nating current flows. 

TJie effective current in an alternating circuit is equal to the effect 
electrical pressure applied to the circuit divided by the Impedance of M* 




Fig. 163. — Lagging Current. 
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This may be called the Ohm's Law of the alteraating curreDt 



Impedance is a fombination of Ihe true resistance ef the wire . 
■ing tiie circuit with the effect due to self-induction. The true 
nee of the wire depends only ufon its length, cross section, and 
iai, while the effect of self-induction depends upon the magnetic 
7/ the different parts of the circuit, and upon the frequency of the 
I/. 

en a continuous current flows through a circuit, the true resist- 
jf the circuit, as measured by a Whealstone bridge, only need be 
tered, but when an alternating current flows through the same cir- 
he impedance comes into account. 

; remarkable results which are brought about in alternating current 
ts, on account of the current hanging back or Lagging behind the 
ical pressure will now be considered. Before entering upon this 
A the student should study the preceding descriptions until he 
1 true idea of the lagging of the loops of an alternating current 
d Ihe pressure which sets up the current, and the cause of this 



QUESTIONS 

Wby is the electtolj'tic; eflcct of a pulsating current dependent on its mean 

Why doe* an alternating current ordinarily produce no electrolytic effect in a 
Hjltuneter ? 

Why U the healing cfTccl uf a pulsating or of an aJlernaling carieot greater 
lit of a continuoua current of the same average value 1 

1« the heat produced by an electric current when flowing through a circuit 
d hy Ihe direction of its Sow ? 

Why is the aclDsl power in a non-inductive alternating drcuit greater than 
be indicated by multiplying together the average valuei of currerit and pte»are? 

What ii meant by Ihe phrase " effective current " ? 

What is meant hy the phrase " effective pressure " ? 

Why ate effective values of carrentt and prcisurei used instead of average 
? 



it equal to, in tenna of effective 



What is the power in a non-indticlive c 
t and pressure 7 

Why arc inilruments based on the principle of Ihe clcctrodynan 
hot-wire principle, uioally used in measuring alternating ci 
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30. Why are instruments based on the principles named in Qaestion 29^ or «fl 
electrostatic principle, usually used in measuring alternating voltage ? H 

31. What would be the effect of putting an amperemeter having a permanentifl 
net in series with an alternating current circuit ? Why would it not give a rei(i^| 

32. Can soft iron core instruments be made so that they can be used on 4B 
nating current circuits ? Explain the action. V 

33. Describe a wattmeter that may be used on alternating current drcoits. W 

34. What is meant by the frequency of an alternating current ? ■ 

35. What is meant by the period of an alternating current ? ■ 

36. What frequencies are commonly used ? M 

37. Will essentially the same current flow through a straight wire under t fj^M 
pressure whether it be continuous or alternating ? ■ 

38. Suppose the wire of 37 is coiled up ? M 

39. Suppose an iron core is inserted in the coil of 38? I 

40. What causes the effects of self-induction ? I 

41. Why is a self-inductive pressure set up in a circuit only when the cnrrestfl 
changing ? 1 

42. Why is it that when a steady pressure is impressed upon a self-inductive dri 
cuit the self-induced pressure acts against the impressed pressure while the current ii] 
rising? j 

43. Why is it that the induced pressure is in the same direction as the impreaedj 
pressure when the current is falling? 

44. Explain why an alternating current lags in a self-inductive circuit. 

45. Is the apparent resistance which an inductive circuit offers to the flow ofni 
alternating current greater than the resistance due to the form and material of the wire? 

46. What is impedance ? 

47. Give the generalized form of Ohm's Law as it applies to the flow of altematiof 
currents. 

237. Power in a Self-inductive Alternating Circuit — In Article 229 
it was explained that the power in an alternating circuit is equal at any 
instant to the product of the instantaneous pressure and current, and 
that its average value is the average of these products. Where the 
curves of pressure and current are in the same phase, the power loops 
are as shown in Figure 161, but if the current lags on account of self- 
induction, as in Figure 163, the power loops are altered in position and 
become as illustrated in Figure 164. 

It is seen in this figure that there are large positive loops and smaD 
negative loops. The negative loops are located between the points ab 
and cd, where the current and pressure curves are on opposite sides of 
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This means that (iiiring part of each half period 
I absorbed by tlie circuit as represented by the positive 
mg another part of the time 
; returned by the circuit to 
f electrical power. The aver- 
iorbed by the circuit is now 
bee between the average values 



^ve and negative loops and 

rn which would be produced 
current which flowed in phase 










Bgle of lag happens to be 90" 

is halfway behind the pressure curve), as in 
( the negative loops are then equal to the positive loops, and 
all the power absorbed by ihe circuit dur- 
ing one quarter period is returned during 
the next. 

[ ^?\^^ /\/ It 's impossible to have quite 90° lag in 

' \\f y"^ ^ practical circuit because some power is 
L , , always required to send a current through 

nwpr Laaps when , ,, 1 - 

i Nineiy Degrees. 3 Circuit DO matter how Small the resist- 
ance may be. It miisl always be remem- 
amount of current flowing through a circuit at any instant 
Law, equal to the pressure divided by the resistance. The 
an inductive circuit the current does not apparently follow 
se the pressvrf acting to produce current at each lastani 
between the pressure impressed (which is shown in the 
■ ceunUr-pressure of self-induction, just as the current 
the armature of a direct current motor is equal to the 
en the impressed and the counter- pressures divided by 




meat of Power in an Alternating Circuit. — When an 

it flows through a circuit which does not have any self- 
: current loops and pressure loops are in unison as is 
irves, AbCdE and ABODE, in figure 161. In this 
e the power which is used in the circuit by an alter- 
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itevou 
tUNrairr turner 



nating current voltmeter and an electrodynamometer, became daH 
instruments measure the effective pressure and the effixtive cnnett^^jB 
the two readings multiplied together give the power used in the dn^H 
We can, therefore, measure the power used in am ituandeseemi ii^| 
which is operated on an alternating current cirfuit hy meams ef fl 
alternating current amperemeter and an cUkmating current veUmmj^ 
exactly in the same way that we would measure the power used bfjH 
when operated on a continuous current circuit 9 

If a coil of. wire, having an iron core, is substituted for the incmdJ 
cent lamp, the current loops are caused, by the effect of self-indiKliu 
to lag behind the pressure loops, and we are not able to measun im 
po7ver used in the coil by an amperemeter and a voltmeter^ as we did in 
the case of an incandescent lamp, because^ in this ccue^ the product n 
the effective current and the effective pressure is not equal to Ae powtriA 
The actual power used in the circuit is less than the value given by tbe 1 

product of the effective current and pressure.' At\ 
EACH INSTANT the powcr consumed in the circuit is ] 
equal to the product of the current and the pressun 
at that instanty exactly as is the case when the ou" 
rent and pressure loops are in unison ; but when ik 
current lags behind the press ure^ the total power con- 
sumed is less than would have been used in sendii^ 
the same current under the same pressure through a 
circuit without self-induction} 

The moral of this is : do not try to measure the 
power used in any alternating current circuit, which 
has appreciable self-induction, by an amperemeter 
and a voltmeter. For instance, if the alternating 
current flowing in the primary coil of a transformer 
is measured and its value is multiplied by the alter- 
nating pressure which causes the current to flow, 
the product does not represent the power used by 
the transformer. 
The power used when an alternating current is caused to Sow throuf^ 
a circuit which has self-induction may be measured by a proper watt- 

I Article 299. < Article 837. • Aztide ^37. 



WATTMCTEK 



=m- 



-^ '^ PttltSlME 



'OUKMin 



OOIL 



ooNr 



1 



TMANtrORMIR 



■^•0 VOCT** 

ONICUIT OPtM. 

Fig. 166. — Connec- 
tions of Wattmeter 
for nicusuring Pow- 
er expended in Core 
of Transformer. 
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tneiet; such, for instance, as lliat made out of an electrodynainometer, 
explained in Article 187. The indications of such a waltmeter, when 
«unnected to the circuit as directed in Article 1S7, are directly pro- 
ponional to the power used in the circuit, because tkey are the average 
*'/ the values 0/ Ike power given to the drcuit at every instant. 

If it is desired to find out how much power is wasted in the iron cote 
*f an altemaling current transformer, for instance, it can be (juickly 
"lone by connecting up a wattmeter as shown in Figure 1 66 ; for then, if 
the uraiimcter has l)een calibrated, its readings will at once give the power. 

239. TransfonnerB. — Alternating currents are widely used for the 
distribution of electric currents for the purpose of electric lighting, 
because it is possible to use a high pressure on the distributing lines and 
thus make a saving in the expense of wires, and tbe high pressure may 




Fig. i67.-SkekiQN Vieiv u( Trai 



be reduced with little loss of power by means of induction coils t 
transformeni to a pressure which it is safe to use in houses. 

These transformers consist of two coils, the primary and secondi 
coils, which have well -laminated iron cores made of strj^ 
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ID series, and the iwo ends are brought to separate collecting 
The field magnet usually has as many poles as there are coils 
^mature, and the number of alUrna- ^ 

' the current per minute is equal to the 
of poles in tkefiehi magnet multiplied 
itmber of revolutions made by the arma- 

^169 sfaon-s a diagram of the connec- 
lan alternator armature. The coils 
\AA are armature coils and the rings 
= collecting rings on which 
lb. The arrows show the 
rrent flows through the armature. Figure 1 70 shows the way 
t poles are arranged for an alternator having an armature of 
the form shown in Figure i6g. This arrange- 
ment of the armature and fields was formerly 
quite common in foreign alternalors. 

In this country the coils are usually laid in 
grooves cut in a dnim armature core. Figure 
171 shows (he way in which coils are sometimes 
fixed in the grooves. 

Since no commutator is required with an alter- 

2^ "^ *'' nator, it is not necessary for the armature to 

revolve, and the field may be revolved instead, 

■e, the magnetising current is carried to the field windings 

collector rings, and the armature terminals are connected 
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directly to the circuit. It is also possible to build alternators in whidi 
neither the field nor armature revolves, but tn which keepers of iron are 
moved so as to make and break the magnetic circuit of the field mag- 
nets and thus cause currents to be induced in the stationary arraalure. 
Such machines are called Inductor AlteraatorB. 

Examptt A. What is the number uf alternatiuns per minute set up b^ an tltn- 
lutot which hat 8 poles and the arnialuie of which revulves at a speed of i2oafc, 
perminute? Am. 9600. 

Exampli B. Whit is the frequency of ui alternator which has 10 pole* iod > 
ipeedofiooo rev. per minute? Am. 83!. 

Example C. At what speed muit an alternator, hftving 8 pules, tun to giit • 
frequency of 80 periods per second? Am. I2ua rev. per niiDUtc. 



243. Field Excitation, 
always be excited by a 



- The field magnets of an alternator mii« 
i current, which is usually generaldi 




Fig. 17a. — Aliernatoi and Eioiler. 



by a separate, small, continuous current dynamo called an Exciter. An 
exciter is shown alongside of the alternator in Figure 171. When sn 
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■:';nator is loaded, the pressure at its terminals will decrease in a way 

■ ii analogous to that explained with reference to shunt-wound direct 

TTit dynamos.' To keep the pressure ai proper value, therefore, it 

I: netessary to have a hand regulator or rheostat in either the field of 

the exciter or alternator, or both. 

The pressure naay be kept reasonably constant, without much hand 
regulating, by rectifying a portion of the armature current by means of 
J comrautator and causing it to pass through a few turns of wire on the 
field magneL This excitation is in addition to that furnished by the 
exciter. Such an arrangement is called Compoaite excitation, and is 
Similar in effect to compound winding' in direct current machines. 
The rectifying commutator is shown in Figure 1 72, just in front of the 
collector rings. 

S44. Altematora In Parallel, — Alternators cannot be worked in 
larallel with each other with the ease which is possible with continu- 
ous current dynamos. If two similar shunt-wound continuous current 
dyoamos are to be connected in parallel, they are simply brought to 
then usual speeds, and their field magnetization is adjusted until the 
Wo machines produce the same pressure. They may then be con- 
nected in parallel and will work together very well. When two alter- 
naiors are to be connected in parallel, it is necessary not only to make 
i^eir pressures equal, but to bring Ihem to exactly equal frequencies or to 
Synchronism, and also to arrange them so that tlu current loops given h 
llu ttt'o machines are in exact unison or Step. On account of the diffi- 
culty in the way of properly Synchronizing and Stepping alternators, 
they are not usually operated in parallel in this country ; though parallel 
operation is rapidly becoming less uncommon. 

M5. Synchronous Motors. — If an ordinary alternator is brought to 
synchronism with another machine, it may be run by the latter as a 
tnotor, but it will not start itself, as would a continuous current motor, 
nor is it possible to excite the field magnets of the motor from the alter- 
nating current circuits. It is, therefore, not convenient to use such 
machines, called Synchronous Motors, for common purposes. 

Such machines are not self- starting, because the rapidly alternating 

currents first give a pull in one direction and then a push in the other, 

' Article aio. ' Article 210. 
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After the machine has been brought up to synchronism, however. 
coils move from one pole piece to another as often as the cuneut chai^ 
direction, thus making a tendency to turn constantly in one diretti 
Such motors have been arranged to be started by a small steam engi 
a storage battery driving the exciter, or other very cumbrous means, 
in recent years it has been founil possible to build small alternating c 
rent induction motors or to put special windings upon the machins 
which perform the starting duty. Polyphase currents, which will 
dealt with in the next article, have done much toward making « 
motors available. 

246. Polyphase Currenta. — .\ second set of windings may 
placed on an alternator armature, with the centres of its coils 
between the first set (as, for instance, if another winding were put 
the armature shown in diagram in Figure 169, with its coils 
those shown in the figure) ; then the currents generated in the 
set of coils have their maximum 
just one-<|uarter of a period afte^ dl 
currents in the first winding. That 
the two currents have a difference tX 
phase equal to quarter of a period, 
90 degrees. 

The relation of these two currents to 
each other is shown in Figure 1 73, where 
the curves A and S represent the two 
current waves. These two currents may be used separately, or they 
may be used together as a Two-phase sys- 
tem with the two currents carried in cir- 
cuits composed of three wires very much as 
the three wires compose the circuits of the 
three-wire system for continuous current 
distribution, which is described in a later 
chapter. 

Instead of two windings, three separate 
windings may be placed on the armature 

in such a way that the three currents produced in them differ ftom 
each other in phase by one-third of a period, or no". The relaliotif 
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currents are illustrated in Figure 1 74, where the curves j4, 

' represent the three current waves. These currents may be 
>arately or they may be used together as a ^ 

system with the three currents carried 
its composed of three wires. In this case, 
iftc dots marked a, b, and c, in Figure 1 75 
e cross sections of the three wires, then 
4 is carried in ihe circuit composed of the 

and b, current B is carried in the circuit 
d of the wires b and e, and current C i: 
B Ihc circuit compoicd of Ihe .ires , and a. '^^ J,,,^'" 

a two-phase or three-phase alternator which 
cd to furnish currents to three wires only, requires three collect- 
i, though if the currents are to be used separately, four and six 
ly be used. Two-phase and three-phase systems are frequently 
olypbase or Multiphase {many- current) systems, and the motors 
■e ordinarily operated on polyphase systems are called InductiOD 



Fig. 175.— Dla 
of Circuils f< 
[ ndtvidua] 



base alternators may be used as synchronous polyphase motors 
onditions similar to those already explained for single-phase 



Induction Motors. ^The action of induction motors may be ex- 

by reference to Figure 1 76, which is an illustrative diagram of a 
three-phase motor. The field magnet of the 
motor is a ring which is wound with three sep- 
arate coils, X, y, and Z, each of which is sup- 
plied with one of the currents of the three-phase 
system through the wires a, b, and c. Since the 
maximum values of the three currents which 
thus flow throvigh the coils X, F, and Z, follow 
one another with a phase difference of a third of 
a period, their maximum points appear to chase 
each other around the ring. The magnetic 
-inastraiivE Di- effect of each coil at every instant is propor- 
t a Tbree-pbu« ijonal to the current flowing in it, and the com- 
bined effect of the three currents 
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n are alternating currents converted into direct currents. If ihree- 

ise allemaling currents are desired, three rings are connected to | 

re points, 1 20° apart, and if t'wo-phase alternating currents are de- 

d, four connections 90° apart are used. 

Q the case of multipolar dynamos, a set of connections must be taken 

.he rings for each pair of poles. 

iluch of the power from the great Niagara power plant is transformed 

rotary converters into direct currents. 



Bllemating currcDt ciccait ? 
pressure in &11 aileniating 



;ffeetive prenuic of 30 
of 10 amperci under ■ 



[ and pressure n 



QUESTIONS 

&, What effect has curteiil lag upun ihi^ powet 

.9. Why does the product of oflective current and p 

cut circuit not slwoys give thu power ? 

0. Will an cHcclive current of ;o amperes under at 

sure of ao volts ? \Vliy not ? 

1. Would any pouer be given out in a circuit if the c 

X. Can a current actually have a lag of 90° behind the pressure that prodt 

J, Descritx: ihe power loopi in an inductive alternating current circuit. 

4. What pressures coutbiae to furnish the pressure which drives the current 

iDgh an alternating current circuit ? 

.5, How can a voltmeter and amperemelcr be used for measuring the power given 

HI alternating current to an incani/ticrN/ lamp ? 

6. Why can the amperemeter and voltmeter be used for the purpose described 



«it? 



I 



("ollmeler be used for 



iring the pov 



, Why cannot an amperer 
Klf-indoclive circuit ? 

8. \Vhy will a wattmeter give the true power id either an inductive or non 
ictive circuit? 

9. What are transformers? 

1. What advantage do iransformers lend for transmitting power? 

z. Why are the iron losses in transformers very serious to lighting companies? 

3. How can Iranafonnets be tested to find the amoam of iron losses? 

4. What relations have the pressures, turns, and currents in the primary and sec 
UY coils of B transformer? 

5. Compare a transformer with a dynamo. 
6l Kliat is the difference between an alternator and a direct ci 
7. How can the frequency of the c 
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. What is an inductor alternilor? 

. How are the Beld magnets of Blternators 

. What is tompoaite winding? ImatO 

. What precautious must be observed berore alternators taj (-(iw v c 

,el? Why? ^.,ij^, 

. What is meant by saying that two altetnalors are in svh^Ijui.l. ^^ . 

. What is a synchronous motor? ''' 

, Why are synchrunoui molars not self-starting? ' 

. Knplttin the words "polyphase" and "multiphase." 1 ' 

. What are two- and Ihree-phaa: alti-matais? 

, Deicrilie ■ two-phaae system of currents. jj/ 

. Describe a three-phaae system, i 

. What makes the magnetic tieki rotate in an induction motor? ? 

, Describe a squirt el- cage armalute. 

. Why dues Ihi 



is the . 



n the 



of an induction tr 



What a 






ced? 



CHAPTER XVII 

PARC AND INX'ANDESCENT LIGHTING 

l8. The Electric Arc, — Tlie Arc Lights which are so much a neces- 
lo-day fur illuminating the streets of cities and all large spaces which 
lire a high degree of il In nii nation, whether indoors or out, are the 
ci cotnmcrcial outgrowth of a magnificent discovery which was an- 
need shortly after iSoo. This discovery was, indeed, nothing less 
a the possiljiiity of producing the common Electric Arc. The dis- 
ercr of the electric arc. Sir Humphry Davy, the great English 
mist, exhibited it on a grand scale in 1808 in a lecture before the 
'al Institution in London, when he connected ihe electric circuit 
1 a battery of two thousand or more cells through two pieces of 
rcoal and then gradually separated them. The result was an arch or 
c" of dazzling light between the charcoal tips such as had never 
ire been artificially produced. Sir Humphry Davy's experiments 
ted a great deal of interest, but the real usefulness of the electric arc 
not seen until Faraday's later discoveries had laid the foundation 
Jie development of the dynamo and the economical production of 
tricity. 

he means for producing this arc of light are comparatively simple, 
rn two pointed pieces of carbon (made from charcoal, coke, etc.) 
joined to opposite poles of the circuit from a powerful generator of 
tricity and are touched together, a current flows between them, 
jnsiderable resistance exists where their points are in contact, and 
points are heated by the current unless they are pressed very tightly 
■ther. If the contact is quite loose, the points become so hot as lo 
.e the carbon to pass off as vapor. Now, if the carbon points are 
irated. the current continues to flow across the space between the 
Its, which is filled with carbon vapor, forming the electric arc. 
»n vapor is a much better conductor of electricity than £ 
current can, therefore, be caused to flow across a space f 
T a?3 



ARC AND INCANDESCENT LIGHTING 



277 



y turns of com[iaratively tine wire which arc connected as a 
jarc. The two tleciromagnets may be plainly seen in Figure 

le lamps, both windings are put on the same magnet. 

ie of the windings is the same in the two arrangements, and 
ained by reference to Figure 180. A brass lever which rims 
mp carries an iron armature or plunger at one end. The 
in such a position that it is attracted by one of the two elec- 

and the lever is attached to the mechanism which controls 
rod. The lamp is Trimmed or Carbonned with the tips of the 

resting against each other. When the lamp is thrown into 

full current of the circuit flows through 
Winding, and the lever is lifted by the 

the Series Magnet. This causes the mech- 

ise the carbon rod sufficiently to Strike 
(is the carbon burns away, the electric 
Itween their points becomes greater, so 
in the Shunt Coll increases. The 

-the shunt coil is attracted more and more 
the clutch or pawl releases the 'carbon 

Itly for it to slide slowly downward, and 

e positive carbon toward the negative. 

that the lamp may burn smoothly and 

necessary for the feeding mechanism to 

ibons at a uniform distance apart while 

burning. This can only be accomplished 

nagnetizing coils are properly balanced 
other, and the strength of the spring, 

Da the lever, is properly adjusted. Even 
adjustments are exactly right, arc lamps 
1 well unless the carbons are of uniform '^'°' iBa. — Encloied 

, , . Arc Limp wiih 

some arc lamps the carbon rod is con- cover Kmoved. 

dock-work, which in turn is controlled 

mtlal Magnets (Fig. 180), while in others a simple clutch 

on the cirbon rod by the magnets (Fig. 181). 
Style of lamp the differential action of the magnets is not 

pnll of the shunt magnet is arranged ^^g^g^mi the 
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force of a spring. This style of lamp is trimmed SO thai a little 

remains between ihe carbon points. 

251. Enclosed Arc Lamps. — It has been found ^-ery recently, abcnl 
1895-1S96, that an arc can be successfully maintained in a fairly light 
globe ; and that by so excluding the air a pair of ordinary carbons can 
be made to burn from 60 to 135 hours. The Enclosed lamp (Fig. iSj) 
also burns with a steadier light than the Open Arc, so that it is nwtt 
desirable for indoor lighting. 

This lamp uses about ihe same power pa 
candle power, but about twice the pressiiR 
and one-half the current required by the opto 
arc. The lamps are largely used on corislanl 
pressure systems though ihey are coming into 
use for series street lighting. The mechanism 
may be like that described above, bul series 
coils alone, acting against a spring, instead of 
djfferenlia! coils, are generally used. The 
enclosing globe must not be absolutely lir 
tight or it will explode, and indeed it would 
be difficult to make it air tight, since ihe 
ii|']itr carbon must be fed through an open- 
inj; ill the lop plaie. 

252. Candle Power and Operfttion of An 
Lamps. — As a general rule, arc lamps are 
cunticcted in series ' so that the same currenl 
passes through all. This current is usu^lf 
furnished by a series dynamo which auto- 
matically keeps the magnitude of the cur- 
rent constant. The constancy of the current is a very important 
element in the proper regulation of the lamps. Nearly all open arc 
lamps are now adjusted so that the pressurt required to pass the cuireM 
through the arc is from 45 to 50 volts. If the pressure is made smaltoi 
the arc becomes shorter and gives less light, and it produces ,a conlina- 
ous hissing or frying sound. If the pressure is greater, the arc FUm* 
and flickers, which makes it unsatisfactory. The current used usuiUr 
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which are intended to be used with 9 6 amperes are usually 



as aaoo nominal candle power or 451 
I be used with 6,5 and 4 amperes 
called laoo nominal candle-power 
iniinal candle-power lamps, 
r power is equal to the light given 
srm candle of fixed size anil form. 
usefiil candle power given off by 
B much less than the figures given 

paragraph, and in fact the light 
n different directions varies from 

candle power or thereabouts to 
rated value of the lamp. Figure 

by the curve, the amount of light 
y arc lights in different di 




Itest amount of light Is given off 

t-current open arc lamps at an 

»m 45° from the direction of the 

For this reason the best effect may 

from arc lights used in illuminat- Fig. iSi*. — Eleciric Arc pro- 
by hanging ihem from 15 to 35 b""n Ai.e™aiin'''curl^t'' 

(he ground over the centres of 

by mounting them at street corners on tall poles such as thai 
shown in Figure 184. Inside of buildings 
tliey are usually hung from small board.s fast- 
ened to the ceiling. An enclosed switch is 
usually placed in arc lighting wires where they 
enter a building. 

As the carbons which are ordinarily used in 
open arc lamps are of such a length that ihey 
will only bum for seven or eight hours, Double 
Lamps, which have two sets of mechanism and 
two carbon rods, as shown in Figure 184, are 
used for all-night lighting. Iliese consist of a 

^echanJsni which controls two carbon rods, on^o^^ich 
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does not come into service until the carbons held in the Grsl haiv 
burned out. 

The carbons that are ordinarily used vary from | to f 
inch in diameter, and arc usually coated with copper ta 
reduce their resistance. The positive carbon is atxxit 
13 inches long and the negative is about 6 inches Icmj. 
The carbons are made from finely ground coke or Ump- 
blaclt which is mixed with syrupy compounds and then 
baked in moulds, or by some equivalent process. The 
copper coating is put on by electroplating. Oval car- 
^ bons about t inch broad and i inch thick have been 

1 used in single lamps for all-night burning. 

253. Arc Machines and Switchboards. — The number 
of successful manufacturers of series arc-lighting machiD' 
ery is comparatively small. The earliest to enter the 
business in this country, with commercial success, was 
the Brush Electric Company, and to this company is 
probably due the introduction of lamps with differential 
magnets, which are still so much used. The Brush aic- 
light dynamo is shown in Figure 185. Figures 1S6 and 
187 show other types of arc -light dynamos. The regula- 
tion of these is performed by moving the brushes around 
the commutator, or shunting the field windings, >o that 
the pressure is varied as lamps are cut into and out of 
circuit, and the current is thus always kept of constant 
value. 

In order that the dynamos in a series arc-light genei- 

atiig station may be properly managed, it is necessary 

to have some arrangement by which any dynamo in the 

station may be connected to any one of the circuits 

which run out to (he lamps. The numl>er of dynamos 

and circuits may be quite large in a plant which is 

Lamp^poii for located in a large city, and the arrangement that is 

Arc Light. usually used for the purpose is a switchboard (Fig. 188) 

fitted with a heavy spring jack for each wire leading to the lamp 

circuits. The spring jacks may be connected as desired by plugs 
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1880, by whkh time the arc lamp had 


begun to prove its value for 


outdoor lighting. The disadvantages of 


the arc for genera] illumim- 




lion had become known 


L * a 


by that time, and invent- 


■ ■msHB 


ors were using ev«y 


■ Or^HH[ 


effort to find some sub- 


■ Jb^^HI^Hv 


. stitute. 


V AhSHS 


u Many years earlier, 


' ^^Hm^^bB 


1 inventors had made 




' electric lamps which 




consisted of a loop of 




1 wire made of platinuai 




f or iridium, two metab 




11 which melt only at a- 




U| ceedingly high temperi- 


S^^^B^^^^^i^y^'^^^B 


^ tures, and in which the 




light was produced by 


FlC. 187. — Wood Arc-liglii Dynamo. 


heating the wire whilt 




hot, or to Incaodeacenw, 


by means of a current. The light was, therefore, produced by means ' 


of the great heat caused in the wire 


^^^^^^^^^^^^^ 


when a current flowed through the 


^^^^^^^^^^^^H 


high resistance of the wire.' This is a 


^^^^^^^^^^^^H 


case where the CR loss was turned to 


^^^^^^^^^^^^H 


a useful account, but the lamps were 


^^^^^^^^1 


not successful, though the same princi- 


^^^^^^^^^^^^H 


ple is used in the incandescent lamps 


^^H^^^^^^^^^l 


of to-day. 
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Just previous to 18S0 many promi- 


^■mTi^^^^mMl 


nent inventors, including Edison, 


^H^' 


Maxim, Farmer, Sawyer, and Man in 


^BHM^^ I' 


this country, and Swan in England, 




were making every effort to construct 


I^^^^^H ' 


a satisfactory lamp to operate by the 


I^^^^B^ij^^^^ 


incandescence of some material. It 


^^^^^^^^^H^^V 


was found that loops of platinum and 


fIG. lae.-Ar.^-lighiSiviiehl-ouJ- 


1 Atlicle ua. 
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iridium were unsatisfactory because they soon melted or gave out when 
continuously subjected to the high temperature which is necessary to 
produce a satisfactory light. The only conducting material which would 
stand the high temperature of incandescence was found to be carbon, 
Unfortunately carbon burns away when heated to a high temperaiure in 
the air, and, therefore, could not be used in a lamp in the same way 
that metallic wires had been. 

255. The Carbon Filament I.ainp. — As early as 1845 a lamp had been 
made in which a thin slick of carbon was enclosed 
in a glass globe from which the air had been ex- 
hausted. This lamp produced an excellent light, 
as the carbon could not burn away in a vacuum, 
however hot it became, but no satisfactory arrange- 
ments then existed for making proper carbon sticks 
or for exhausting ihc air from the glass globes. 
Shortly before 1880 the inventors turned from their 
efforts to make a satisfactory loop from a metal 
wire, to make another attempt to use carbon, fiy 
1880 Edison, Sawyer and Man, and Swan had 
made lamps which produced light through the 
incandescence of a thin strip or Filament of car- ^ 
bon. 

The lamp made by Edison looked very much Uke the incandescent 
electric lamps of the present day, and it is no doubt to his industry and 
mgeauity that we owe the introduction of the cheap and economical 
fonn of incandescent lamp which we now use. One of Edison's early 
lamps is sliown in Figure 1 89. The globe or Bulb of the lamp contained 
3 6Iament of carbonized paper in an arched or horseshoe form. The 
ends of the carbon horseshoe were connected to short pieces of platinum 
wire which passed through the glass of the bulb. By means of these 
wires a current could be led to the filament. The bulb was Exhausted 
{[hat is, the air was removed) by means of a form of mercury air- pump, 
which is used in a modified form for the same purpose at the present 
day, and which is capable of producing a very perfect vacmim. 

256. Exhausting Incandescent Lamps. — Figures 190 and 191 show 
ihe two forms of air-pumps which have been commonly used i 
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I ,hg bn|i«. These are often called vacaom pomps becaose ifacy ae 
kA to produce a vacmim. The &ot b called tbe GeiMlcr ^nv after 
i iDrentor, who was also die maker of the tu:iiiiib tubes kmvs tt 
(^isder lubes, which dbplajr sodt perUr culir 
eflects when an elccinc spark is passed tibimi^ 
ihem. The pump shown in die second figore b 
called a Sprengel Pwrn^, also afio- the name of 
its inventor. 

The o|>eration of the Spmigd pomp (Fig. 191) 
is quite similar in principle to tbe operatkn of 
some injectors. The mercury b allowed lo lot 
in a jet through the nozzle _/, and air b dnn 
from the tamps by tbe snciioo of the drops of 
mercury rushing past the end 
of the lamp tap. The Geiss- 
ler pump is more complicated 
in its action, but briefly, the 
"^ '^PuH;^""" bulb ff' is filled with mercury, 
which is then drawn out, leav- 
^ a vacuum, which in turn draws air from the 
Ump. This process is repeated again and again 
vQtil a satisfactory degree of exhaustion is pro- 
dnceti. 

iSI- The Production of Carbon Filaments. — The 
<«rtK<n filaments of incandescent lamps are fre- 
Mently made from bamboo strips or from silk or 
vs^tKim threads, though recently they are more usu- 
^llt tMde by squirting a glutinous substance through 
I vtMll aperture and hardening it in a vessel of 
■uMir These are converted into carbon by baking, 
<4t ^*«T mnch the same way that wood is converted into charcoal itt 
^ ^lik. The material is first made into exactly the proper sire to pi*" 
1(KV » ttiwcnt. After proper treatment which reduces the thread f 
, ■ s^lteiua*' or pulplikc form, il is bent aro\md lilocks of carbon antl " 
'.rt'i^*' It* a crucible filled with powdered carbon. The material is ih*" 
> black carbon hairpins by baking for many hoars. It' 
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tpin form comes from the shape of the blocks aiound "which the 
terial was wrapped. 

To bring the filaments to the proper resistance and at the same time 
t Ihem into condition to stand the strain of the high temperature of 
luming," they are commonly " treated " by a process which deposits 
ty hard gray carbon upon their surfaces. This treatment is usually 
rmed " flashing," and consists in immersing the filaments in naphtha 
IS or petroleum and passing a current through them. The current 
ais the thin parts of the filaments to a white heat. This heat in turn 
composes the naphtha or petroleum, and carbon is deposited on the 
lament. 

The filaments are then each mounted upon two short pieces of 
latinum wire which are sealed into a bit of glass. The connection 
etwcen the carbon and the platinum is usually made satisfactory from 

electrical point of view by means of a cement. The filament thus 
wutited is sealed inio the bulb by a glass-blower in the way described 

1 the next paragraph. 

The bulbs are usually purchased ready made from a glass factory. 
'ne of these bulbs is selected and a piece of glass tube is connected to 
le top of the bulb. Thi^ serves as a handle for the workmen and also 
"connecting the lamp to the pump. The carbon filament is then in- 
-ted into the neck of the bulb, and the glass at the base of the carboa 

sq carefully welded into the glass base of the bulb that the union 
'Comes absolutely perfect. After exhausting,' the glass tube at the top 

the bulb is sealed off and the lamp is complete. The wires passing 
•Qugh the glass are of platinum, because that is the only material now 
lOwn thai will maintain a tight joint. The httle point usually found at 
^ lop of an incandescent lamp is the stub which is left when the glass 
be is sealed off after the lamp has been exhausted. 
S58. Lamp Bases and Sockets. — For convenience in use, incandes- 
It lamps are mounted on bases to which they are fastened with 
^ler. These bases contain two contacts which correspond to two 
Qlacts in a Socket which may be connected to an electric circuit. 

Figure 191, ^ is the lamp bulb, f is the carbon filament, aw are 
e platinum leading-in wires, / is the cement connecting the carbon 

' Anicle >56. ^^ 
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and platinum, f is the brass base which is attached to the L 

plaster /, d and r are the two contacts by which the carbon is biO 
into connection with (he electric circuit when 
lamp is inserted in a socket, and / is the point « 
the lamp was "sealed off" the pump. The b 
used on lamps have various external forms depi 
ing upon the manufacturer, and the one shown in 
figure is very commonly used. 

In order that incandescent lamps may be as < 
veniently turned on and off as gaslights, the soc 
often contain switches as shown in Figure 193, w 
is a skeleton view of a socket. Where lamps 
arranged to be controlled by wall switches, pUii 
Keyless sockets are generally used. 

259, Parallel and Series Connections for £1« 
Lamps or Motors. — Incandescent electric latnpi 

electric motors are sometimes operated upon series circuits, but ( 

are much more satisfactory when connected in parallel,' as is usually d 
The difference between the connection of 

lamps in parallel and lamps in series may 

be illustrated by comparing the methods of 

utilising water power. Suppose a series of 

dams is placed in a stream and a mill is 

placed at each dam. The waler which 

passes through the water-wheels of the first 

milt Hows down to the second mill and 

passes through its wheels, and thus contin- 
ues to dow through the wheels of one mill 

after another. The wheels of each mill are, 

therefore, turned by the same water that 

turns the wheels of every other mill. In 

order that this tnay be the condition, each 

mill must be located on a lower level than 

the one up stream from it. Then the total fall of the stream is 

divided that each mill gets advantage of a proper proportion. 
' Aniele 103. 
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I series »rc lighting the same current flows through aJl the lamps one 

■ the other, and the total pressure at the dynamo is divided amongst 
mps. If an arc dynamo is capable of producing 1000 volts, it will 

fate twenty open arc lamps in series, since it takes about fifty volts to 
I the current through each arc. If a portion of the lamps are cut 
it, the pressure at the dynamo must be reduced or the 
int will increase above its proper value. 
i instead of dividing up the total fall of the stream so that each mill 
the benefit of a part, a large dam is built on the stream and the 

■ are located so that they all take water from the same canal and 
rge water into the same tailrace, all of the mills get the benefit of 

Ibtiie fall, but the water of the stream is divided between them in 

brtion to their needs, and their wheels are in parallel. The amount 

later flowing through the wheels of each mill in this case is directly 

mal to the work being done in that mill. If one mill is shut 

I, the gate through which water is admitted to the wheel is closed, 

r flows through. The water used by each mill is entirely 

pendent of the amount used by the others. 

B the same way, when electric lamps are connected in parallel the 

~nen[ flowing through each lamp is entirely independent of that flow- 

"^ibrough the others, and simply depends upon the resistance of the 

:iiii and the pressure at its terminals. When it is desired to cut out 

: nrcuit a lamp which 'is connected in parallel with others, its con- 

■uon with the circuit is broken by a switch (Fig. 193) so that no 

"Km can flow through it. This is equivalent lo closing the gate 

rii'iiigh which water enters a mill, as already explained. 

When it is desired lo shut down one of a number of mills in series, it 

iJcntly will not do to simply close the gates which admit water to the 

"iieels, as that would prevent the water from flowing to the other mills, 

I but ii is necessary lo arrange a short path for the water to flow around 

I Be mill which is shut down. In the same way, when it is desired to 

liirn off an electric lamp which is operated in a series circuit, the lamp 

^'■'M be short-circuited as at .4 in Figure 194. Some special switches 

■•^'1 on irc-Ughting circuits short-circuit the lamp which is to be turned 

'" w that the main line is properly completed, and then also discon- 

"■'"■I the lamp terminals from the line. 
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Effect of a Change of Presaure on «n Incandescent Lamp. 
Since the ciirrem which flow-; ihrougli incandescent lamps connected 
parallel depends upon the pressure ax the 
terminals, and the light given by each fila 
depends upon the current flowing through 
the pressure at the terminals of the lamjs i 
be kept perfectly constant, or they will not 
3 steady light. If the electrical pressure at 
termin.ils of an incandescent lamp is clian[ 
the light given off by the filament changes it. 
much faster rate. 

If a lamp, for instance, which is intended 
a jiressure of 1 to volts and to 
power, is connected to a 105 voll circuit, 
light which it gives is no more than about 12 candle power and is of] 
poor red color. If the same lamp is connected to a 115 volt citcuil,i 
the light which it gives becomes about 20 candle power and is of 1' 
brilliant whitish color. The great candle power and whiteness of the 
light in the latter case shows that the filament is so excessively bot 
that even refractory carbon cannot last long under the strain, and the 
filament will soon give out. 

The length of time during (i^hich the filament of an incandescent lamp 
will last — that is, /Af Life 1^ the lamp — decreases very rapidly as the 
temperature at which the filament burns is increased above its proper 
value. On the other hand, the power reciuired to produce light 
increases as the working temperature of the filament decreases. Il 
should, therefore, always be the aim to operate incandescent lamps it 
the exact presaure for which they were designed. 

261. Distributing Wires. ^ We have already seen that there is always 
a loss of pressure when an electric current flows through a wire— this 
loss being e<iua! to the product of the amperes of current and the 
resistance of the wire.' Consequently, when a number of incandescent 
lamps in parallel are connected to a circuit at some distance from tta 
dynamo which supplies the current, the wires of the circuit must be 
quite heavy in order that the loss in pressure shall not be too great. 
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When incandescent lamps and motors are connected to wires which 
ad from a central. generating station, it is common to allow a loss of 
"essure or " drop " amounting to as much as ten lo twenty per cent of 
»e d>'namo pressure when all the lamps are turned on. The circuits 
tost be so arranged that all the lamps shall be fed with current at as 
sarly the same pressure as possible, and if the " drop " is allowed to be 
rcater than twenty per cent, this becomes a difficult matter. 

When the " drop " in the wires is too great, it is also difficult lo regulate 
le dynamos so that the pressure at the lamps shnll not vary when lamps 
re turned on or off. It is easy to see that every lamp which is turned 
n or off changes the current flowing through the wires of the circuit, 
lUl therefore changes the pressure lost in the wires between the 
lynamos and the lamps. In plants which are contined to a single build- 
■gthe" drop," when all the load (lamps and motors) is turned on, isusu- 
Uy made to be from two to eight per cent of the pressure at the dynamo. 

The transmission of power to the lamps will be dealt with at greater 
Ci^h in a following chapter. 

QUESTIONS 

1. Who first produced the electric itc? When? 

1. Why ciucB an lie continue to burn after the tarboni are sepumted a link ? 
i. Whal is the crater <>r an arc? What makes it? 

i. Why is Ihi^ poutive carbon put above the negative when the electric arc 
MeJ for lighting? 

j. I>na the positive carbon burn mote or less tapi'lly than the negative? 

6. What duties must an arc-lamp mecbanisni perlbrm? 

7. Explain how the two coils of an arc-lamp mechanism keep the arc of the 

I?"P« length. ] 

!■ What is a differential magnet? I 

9' Ducribe the enclosed arc lamp. 

<o. How does an eaclosed arc lamp differ from an open one ? 
n. What are the ordinary pressures, currents, and candle powers of open arc 
linipi? 
" 'Vhal is a candle power? 

'' What is the character of the distribution of the light around a direct. current 
l-nip! 

'■i- '^'hjt are double ate lamps? 
''■ How )ie atc-light carbons made? What sizes are commonly used ? 
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plants which were built at different periods. Figure 195 shows « 
the earliest central- station electric-light plants of the world, the 8 
Edison central station for the public supply of electric current, n 
located at Applelon, Wis., in 1881. At the left hand of the figMtl 
shown Ihe exterior of a small frame shanty in which this plant ■ 
located, while at the right hand of the figure the shanty is showm 
one side removed, so that the plant with its dynamo, pulleys, 
is exposed to view. 

This plant was operated by water power, and the gears on the w 
wheel shaft used to drive the counter shafts to which the dynamow 
belted are shown in the centre of the figure. The plar 
operation before the day of the three-wire system,' and it therefore in 





Eatly Edison Eleclric Lighl Centrjl Staiion. 



only one dynamo. Behind the dynamo in the picture the regulating and 

indicating apparatus are vaguely seen. 

A peculiar and interesting point in the picture is the dynamo, which, 
it will be noticed, looks quite different from those illustrated in preced- 
ing chapters. This dynamo has a spindling, lean appearance which fomu 
a decided contrast to the chunky, substantial form of the modem d>iu- 
mos. The field magnets of the dynamo, which is bipolar, are divided 
into several legs, as though there were several horseshoe electromagneO 
attached to the i>oles. At the time these machines were built this ml 
supposed to be the best way of constnicting dynamos, but the raoden 
construction with a single short horseshoe has been proved to be ibe 
best form for bipolar dynamos with salient poles. 
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lese so-called " spindle-shank " dynamos which was used by 
his itrst pubhc exhibition of incandescent electric lights 
uk in I S80 is now in the dynamo collection of the University 
where it makes a striking contrast to the appearance of 
tial later dynamos of ei|ual capacity which stand by its side. 
iding its peculiar appearance, the old dynamo is still good for 
ible service, and. indeed, it had been doing almost daily 
!88o up to the lime of the World's Kair in Chicago, where it 
Ed, and from whence it was forwarded to its present place. 




29* 



ELECTRICiry AND MAGNETISM 



fire. It has now been replaced by a magnificeiit station, to which icM 
ence will be made bier. Figure 197 shows one of the then gto 
••Jumbo" d)iiamos which were used in this ^ladon, each directly couple 
lo its own engine. Each one of these dynamos had a capacity of ijo 
si xteen-candle- power incandescent lamps, and occupied not less than i] 
square feet of flix>r space. Il is inleresting lo compaie the "Jumbo 
machine with one ofthelatcst triumphs of electrical engineering, the grc 







" steam dynamo " shown in Figure 19S, which has a capacity of M,M 
sixteen-candle-power incandescent lamps, and occupies but little tM 
floor space than the "Jumlw." The "Jumbo" dynamos were wondc 
fill machines in their day, and a few were running in European electiil 
light stations until quite lately ; but most of them were superseded, soO 
after their introduction, by faster nmning central -station dynamos, driv* 
by leather belts instead of being directly coupled to engines. 
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(4. The Vertical Station. — This move to dynamos driven by means I 
elts caused a change in the arrangements of ciiy central stations, so J 
several great |>lams buih in New York, Chicago, Philadelpiiia, 
an were consinicted after the general plan shown in Figure i 
figure shows a cross section of one of the central stations of the \ 
>n Eleririr llhiminaling Company of New York City, Here high- 
i steam engini:-: art located in the basement of the building, so that | 




F»-„ 198, — Modt 



may be on a solid foundation, and driving belts run from their ftf- J 
ek to dynamos located upon the floor above. The two lloon above | 
d^'namos are occupied by boilers which furnish steam to the e 
lied in the basement, and by arrangements for handling the a 
tk come IVom the boiler furnaces. Above the boilers is 2 floor wbeBf 
^ over to bins for holding coal for the boilers, which b boated frma 
street by an elevator. The top floor is given to repair shops, tuxe- 
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Ilis central station fairly represents the type whicli was used for a I 
ber of years in great cities, where, on account of the expense of j 
, it is desirable lo occupy as little ground space as possible. In the J 
t stations which have been built in Chicago, Boston, and New York J 
in the last half decade, the arrangement is still more economical, | 
i will be referred to later. 
55. Plants In Small Cities. — In the smaller cities, or places 1 
re land is not so valuable, it has been usual lo place the boilers | 




the ground floor with the engines, and the dynamos are then placed 

er upon the same floor or on the floor above. 

^e arrangement of a central station, with the boilers, engines, and 

«mos all on the same floor, is well shown in Figure aoo. Four 

'ties are shown in this, with a dynamo driven by a belt from each 

"heel. 

' station with boilers and engines on one floor and the dynamos on 

floor above is very well shown in Figure zoi, which is across secdon 

' large plant. The doited linSS^m ihe ■fi»«e show where an addi- 

4 engine, with its counter sHatt and se( Or^ynamos, may be placed. 
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B of a ^BUDOwitk its engine is she 
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located. These wheels are placed at the bottom of two enormous wheel 

.->iB 179 feet deep, 31 feet wide, and of sufficient length to permit the 

"'i-aiion of many very powerful turbine water-wheels. The water is con- 

c>ed from the canal on the surface of the ground down to the wheels 

t.'. the bottom of the pit, through great steel tubes or " penstocks," 

-ihich are 7^ feet in diameter. After the water has passed through the 
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water-wheels, delivering up to them its power, it is carried away through 
a tunnel a mile and a quarter long, to be discharged into the river below 
ihe falls. 

The canals and tunnels of the Niagara Falls Power Company have 
been constructed on such a scale that the amount of water which will 
pass through them is capable of delivering 125,000 havx ^owcc Ui the 
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k «t caoer of the c 



ITic anicmnt of 



permits ii 
power ri 



I '« tbe power which can be develop ■ 

lited States ami is greater Ihao the 

- .vmcr .ukl aLtnafBcturing cenires all njded 

, .anl H.;JTOke, Mass. ; Manchester, N.H.; 

"» "J. ^ ■- ■ Ktjthester, Cohoes, Osw^, dd 

x«. >./ ^lap&u. Ga. ; and Minneapolis, Mi* 

-•••MM -1 pimrei which the Niagara Fails PoW) 

,i,-.\» u ^ cnsttMueis is very small coEnpvel 

~ -luiari 'i- in the water in the falls. 

- se «ji«r ss ic lio»^ through the upper rapidi 

- - ■■ :s.i through the lower rapids, wtrt 

-.Jte about 7,000,000 horse power, 

.-- pri»er of a!) the water-wheeb 

..L. iits the combined power of all tbc 

«aiKa[ jn nscd in the counCn-. 

r Ciai«aaf is nnable lo take advanOge of 

. »■ m.-w^ *.ws : but if the [lower of all the 

; ii the i)Ower company uliliia 

- i.-.-u^h its wheels, it is estimated 

-c^ jv»er, or much more than blU 

^^..wM «« A* J3KM plans of the Niagan Filli 
k «^ .^fnr£ ««, arc estimated to dirert only 
■ dw blls, and plenty will remain 
i, as well as to maintain the 

— In Figures 203 and 104 
pit and power house of tiie 
Mws a vertical section taken 
•^~<KC, and the secood shows * 
: • \ ;iart of the pit and house, 
• isetuheels and dynamos. In 
■jCttTt is seen the tailrace tunnri 
■i* rim. In the figures, IfW 
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■wheels, each of which is composed of two twin wheels 

T the enormous capacity of 5000 liorse power, and /Vare 

is, SS are great hollow steel shafts no 

irty-eight Inches in diameter. Each 

IS the 5000 horse power developed by 

leel, to which it is attached, to a great 

tned to its upper end. At C, in Fig- 

: canal which brings water to the pen- 

bown, and at T is shown the electric 

:apable of lifting fifty ions, which 

ithe power house to be used for plac- 

linery in position, and for taking the 

pieces if this becomes necessary at 

the purpose of repairs. 

horse-power waler-wheels, which are 

in diameter and revolve at a speed 

lotions per minute, are marvels of en- ftg. 103.— VenicaiSce- 

' constructive skill, but we cannot stop ''"" across Wheel pii 

., , . J ., otNiagara falls Power 

to consider iheir detads company, 
or the remarkable bearings 
upon which are supported the enormous weights 
of the revolving parts of dynamo and shaft that 
are connected to each wheel, and that amount 
to a total of some forty tons. Suffice it to say 
that the upward pressure of the water itself is 
so nicely balanced as to almost exactly over- 
come this weight when the wheels are running. 

Each dynamo, as a whole, weighs eighty tons 
and is of the most massive character. These 
dynamos generate a two- phase alternating cur- 
rent," at 2000 volts pressure, with the quite low 
frequency of twenty-five periods per second ; 
and the currents are used for operating either 
motors or lights. As the plant is primarily de- 
signed for the transmission of power to factories 
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c first customer to which electric pomct was dcUveied «4kii t 
: < lynatnos wrre pttt tnto service was the Pittsburg Rednctioa ( 
. vihose n-urks for the prodnctioa crfalomimiii by ciectromctaDargf ^ 
rf moved from Pittsburg, Pa., to Ni^ara,mor(ler to take xdrantage of 
. ip electric power. Maoy other naaabftanes qutcklj Ibtlowed, and 
itt' 3 colony of large mills aod £Ktories are galEieied aboot the 
: irs electric power house. The Calciain Carbide Works are said to 
Mite 13,000 horse power &om this pbnt. The carrcni is di>- 
,!td to these adjacent mills at aooo vote pressare. 
i'ower is aUo transmitted lo the city of BuflJilo. iweotj' miles away, at 
pressure of 2 j.ooo volts. To oUam th'n pressure, caUes ate laid from 
r? station switchboard to a transformer ' r>x>in, where ihe pressare b 
I and the system changed by proper transformer connectioos from 
, three phases. The current is then carried oat upon the f>oIe line 
dly of Buffalo, where it is again reduced in pressure by huge 
rmeis, pbced in transformer bonscs, for distribution through (he 
M the present time the street railways, eleclric hgfals, and many 
factories and grain elevators of Bufiak> sue operated by electric 
iiwer from Niagara l"alli. Where direct currents are required, at for 
te operation of street railways, rotary conveners ' arc used. The jwle 
aif which >iijjf)otts the transmission feeilers is partly in duplicate, 
'"^^'jiigh the plant at Niagara has now a capacity of only 50,000 bone 
:. another [>owcr house is being erected which will double llic oot- 
Aftet a lime it is possible that power may be furnished from the 
ira plant, as has been proposed, fc-^t he purpose of prupelling canal 
(<ii the Erie Canal, and for maaulacturing purposes in cities oa far 
S j.igara as Rochester, Syracuse, and Albany. For the transmission 
; f.^.ier over these long distances, the pressure at which the current is 
jpphed to the lines may be raised by means of translbrmers 10 50.000 
olts or even higher ; but before entering the consumeri' premives it must 
e reduced to a safe value, again liy means of iransfurmen. Many of the 
TOposals that have been made in the newspapers in regard lo the trans- 
ition of power from Niagara are manifestly impractical ; but many of 
ts possibilities may yet be unappreciated, and it is impossible to foT^ 
ell the developments that may occur. 

> Ankle 039, ' Article J14S 
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The Niagara station will serve to illustrate present practice in Mi 
iiig large plants ; but it is of interest to add that an electric genei 
station of 70,000 horse ]xiwer is just being completed on the banloi 
New York Harbor, which is intended to supply a portion of the 
needs of New York City. Steam engines drive the dynamos 
plant, and the size of the machines, the methods of electrical tiansmit 
sion and distribulion, and the purposes of the plant make it even nuR 
pretentious than that just described. 

268. Switchboards. — Before leaving the question of central sl».| 
tions, it is well to examine the common methods of handling dynantMJ 
in a plant designed to furnish electricity for lights and power. '[Tit] 
current from the dynamos is lee! to the switchboard by coiiducliBg-] 
cables of the proper size, which are connected to the main switchboud 
conductors, called "bus bars," through proper indicating instrumenBl 
and switches. 

In continuous current, low-pressure stations, where sh unt- wound djia- 
mos are used, one dynamo terminal is usually connected directly te 
the proper bus bar without the intervention of a switch, while the 
other dynamo terminal is connected to its bus bar through a smjlc 
pole switch. In alternating current stations, where the dynamos 
furnish a pressure of looo volts or more, a double |x>le switch, 
which both cables from the dynamo are connected, is considered 
essential. 

It is usual to operate continuous current dynamos in parallel^ on 
one set of bus bars, but alternators have been almost always oi)eniWd 
on separate circuits in this country, on account of the difficulty of keep- 
ing them in step,' though the large power stations of recent years m 
now all operating alternators in parallel. This makes quite a diffetetice 
in the arrangement of switchboards in the two kinds of stations. In 
parallel running stations all Feeders ' are connected directly 
bus bars, but in others the feeder switches are usually arranged so 
that any feeder may be individually connected to any dynamo « 
desired. Figure zo6 shows the switchboard for a direct current elec- 
tric lighting plant, having two dynamos and two lamp circuits. The 
wiring, which is behind the board, is shown by means of dotted lines. 
'Articirt losandim, t KrtvAc ija. • » Article aa8. 
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SeS. Cutting Hacbines in and out of Serrice. — We wiH suppose, for 
I enaraple, a large continuoiia current station, in which one or two 
igines with iheir dynamos have been running at! clay to supply the 
itnand for current in the daytime, and, iis evening approaches, addi- 
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Wtff prompt action on t}i« put of station anendants to 
DS into circuit as quicUy ^ they are needed. Instead of 
aometer, which is shown in the figure, a voltmeter may be 
iring the pressure o( bus tan and dynamos, 
d of heavy load is over, the dynamos are withdrawn from 
Lhe engines are shut down. When a dj-namo is to be with- 
E circuit, its regulator b mo^ed until the amperemeter 
irries very little load, and the switch is then opened, 
of getting extra dynam^as into service in an alternating 
is quite similar to the preceding, but after the dynamo 
to receive its load, it may not be put in parallel with 
ne, but one or more feeders may be transferred to it 
teniatorby means of the feeder switches. If, however, 
«e designed to run in parallel, they are not only brought 
ressure as the bus bars, but are also brought into syn- 
siep. This is done by controlling the speed of the 
and the proper conditions of pressure, synchronism, and 
;ed by an instrument which i^ connected in the circuit in 
I the dynamo galvanometer which is shown in Figure Z07. 
; is called a Synchronizer. 

g, as it is called, retjiiires a good deal of care ; for if the 
irown together when they are not running at exactly the 
d with their pulsations in unison, very bad flickering of 
'Csult. After they are running together properly they tend 

BiBtory of Electric Railways. — The application of elec- 
ch probably is most generally known and appreciated is 
e electric street cars that aiejo be found in nearly every 
! in this country. When the first large electric railway 
undertaken in the year 1887 in Richmond, Va., prophe- 
rCrc numerous, and the discouragements met by the pro- 
enterprise were at time« sufficient to dishearten almost 
ore the equipment of that electric railway was under- 

Timental electric railways had been laid and operated, 
nially constructed for the regular carrying of 

e of them were of such magnitude as the railway at 
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repairs frequent, and very expensive unless the various parts are a 
so thai they may be easily accessible. A railway motor is illustraled. 
Figure 136, with tiie top part of the frame tlirown back so that theaj 
ture is exposed. 

273. Motor Trucks. — The axle bearings of horse cars are usi 
attached directly to the framework of the car floor, and the same tl 
is done in cars that are intended to be drawn afler electric motor can I 

Trailers or Tow Cara. Sack 
constnictiun is not sufficieod 
substantial in electric tools 
cars, and the axJe beari(| 
are mounted on a strong tl 
framework which is called^ 
Track (Fig. aog). Upon d 
top frame of this truck is a 
the car body, while the motors are usually supported from the ajtiei an 
the truck frame work, as shown in the figure. The figure shows m' 
of the trucks of a long car which has a truck at either end. Shoft cm. 
have only one truck. 

It is common practice to place two motors on each ordinary idoHX 
car, one being slung on each axle. This is done so as to use as (iillyw 
possible all the weight of the car in giving the driving wheels a grip on 
the rails. When one motor which is geared to only one axle is used,dK 
wheels are likely to slip in bad weather or when the car is on grades 
and the speed of the car is retarded, or its progress may even b« 
stopped altogether. Some inventors have arranged gearing so that oM 
motor may drive both axles, but such arrangemetils have never proi'fd 
successful when put into the very hard service to which the electric ear 
is subjected. In the usual construction, where the motors are slung from 
the axles, one end of each motor is supported by means of a spring fat 
tened to a " bolster " or cross timber on the truck. 

274. Railway Pressure. — In the operation of electric railway motors 
we have the overhead trolley wire for the outgoing electric conductor, and 
the rails furnish a path for the returning current. An electric railwij 
motor is, therefore, in an electrical position which is entirety similar W 
that of an ordinary motor that is arranged to be moved about, and the 




8 of which are sUd along the electric mains. Railway motors 
j«d in this country are all designed for use with direct currents, and 
hen io service they are connected in parallel across constant pressure 
rxniits. The pressure used is about five hundred volts. 

Electric railways often reach out so far from the power station i 
hich the electric current is generated that a lower pressure is not prac>1 
cable on account of the great amount of copper that would be required^ 
I carry the current with a reasonable loss of power. On the otha 
md, a pressure higher than five or six hundred volts would be unsafe tol 
le on circuits which include bare wires suspended over city streets.! 
he pressure of five hundred volts is sufficient to give a severe shock,-! 
m it is not ordinarily dangerous to human life, as ha.s been proved by J 
ing experience, though horses and some other animals which are morefl 
msitive to electric shocks than human beings have been killed by c 
let with electric railway wires, 

As the lengths of electric railways have been increased, it has some- 
dies been found necessary lo use high pressure alternating currents for 
■aasrailting the power from the central generating station. The press- 
tc is then reduced by stationary transformers located at sub-stations 
long the line, where the current is also rectified by means of rotary 
Onverters.' 

275. Wiring Reqniremente. — The trolley wire of an electric railway 
ommonly consists of a conductor of hard drawn copper of from No. 
' to ooo U. i: S. gauge in size, which is suspended from Span Wires or 




Joinl Plale and Bond Wirei. 



ckets supported on poles. When the distances over which cnrrentf 

'lUst be carried are so great that a No, ooo wire is of insufficient con- ', 
ducting capacity, feeders may be run from the power station to varioua I 
feeding points, where they are connected to the trolley wire. 
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The conducting capacity of the track must also be carefully lodtd 
after, even in ihe shortest lines. The rails of which the track is com- 
posed are about thirty feet long, and their ends are mechanically cot- 
nected by means of joint plates or Fish Plates and bolts, 
of the scale which is found on the rails and lish plates, the joints do M 
conduct electricity satisfactorily, and it is necessary to join the rails eIe^ 
trically as well as mechanically. For this purpose what are called 
Bonda are used. A bool 
is a short piece of coppff 
wire, the ends of whicL 
are riveted into the id* 
joining ends of two nibt 
and it thus serves to nub 
a good electrical connection between them (Kig. 210). Sometimes! 
copper or an iron wire is placed in the ground between the rails, Mid 
each rail is connected to It by means of a bond (Fig. an), and ihe 
electrical connection between the raits is made by means of ibis con- 
tinuous wire. 

276. Heavy Railway Service. — The electric motor has also found 4 
place in railway service which is much heavier than that of the OTditUlT 
surface street railways. 

After working its way into favor on street railways, it came rapidly into 
use upon light suburban railways, and is now looked upon as an essentiil 
feature of any new system of city rapid transit. Possibly one of the toosl 
striking examples of the use of electric motors upon rapid transit sys- 
tems is on one of the underground railroads in the city of London, whert 
electric locomotives are used to draw the trains, to the great imp^ov^ 
ment of the atmosphere and cleanliness of the tunnels. The equipmeol 
of this railway was followed by the operation of an elevated railway w 
Liverpool, England, and the Intramural Railway at the World's Fsir, 
both of which were started in the spring of 1893. In this country there 
are now in operation several great systems of elevated and city rapd 
transit electric railways, and others are planned in which electric motois 
are expected to play a prominent part. The list of those planned 
includes the great nndergroimd railroad system which is being built 
giye the inhabitants of New York City a satisfactory 
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f totbe Dortb. 
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!, aod thai, lo some kindi of tenice, the riectric motor iriH as 
y displace steam locomotiTes. as it has already duplaced horse 
e cars for surface transponatioo m the HoaDer dlies. Ex- 
5 have even been nude with a viev to placing etectric locomo- 
e upon main mink raJl^^y lines ; and the superiDiendeni ol 
int English railwar. it b said, believes he could qaickly change 
a from cme osiiig steam locoraolives lo one using electric 
i, if the officers of the road so directed. Be this as it may, the 
^a plain that the electric motor has made a wonderful record for 
;If when used upon electric railways in the past and that its record 
I be much more remarkable in the future. 

. Station Hanaganeat and Loads. —The question of getting the 
It passible amount of work out of his machinery, and at the same 
f expending the smallest practicable amount of money for its safe 
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operation, is one which weighs coiititiually on the mind of the c 
of every great electric plant. It is this which leads him lo watch all 
expenditures and keep an accurate account of all the supplies used ii 
his station. The accounts show him the cost of fuel, oil, water, labor, 
and other items, for every looo watts generated for an hour by the dyna- 
mos. By comparison of these records month by month, and also tbt 
records of other plants of similar si^e, it is possible to teli whether eraj 
economy is practised which will not cause oppression to the employed 
or injury to the pianl. 

The record of the output of a station may be made by the switchlcani 
attendant, who, every quarter or half hour, enters the readings o 

feeder amperemeters and 

the ■ 







■ollmeters tn a kip 
is propsl]! 
ruled. Sometimes the rec- 
ord is made by iniegratinj 
wTiimeiers' and other * 
tomatic mslruments. Fig- 
ure ZI3, for instance, is a 
reproduction of the card 
taken from a Recording 
Voltmeter wliich is used in 
a large ceniral station for 
elec-iric lighling. The card 
shows the continuous rec- 
ord of the pressure which 
was maintained at the cen- 
tres of distribution during 
twenty-four hours. The distance between two successive radial lines 
represents fifteen minutes, and the distance along the radial lines in- 
cluded between any two adjacent circles represents two volts. Record- 
ing amperemeters are not as commonly used as are recording voltmeters, 
as the voltmeter record is a check upon the care with which the press- 
ure is kept constant, while there is no particular need of keeping ao 
extremely exact record of the current. 
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I the cuTTcat sent oat from a ccTtain electric light J 
y-foiur hours. The hours of the day ^od nighl are 1 
Ktotal line. M 
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L the load on railway stations calls for the use of a storage battery. 
I This battery has its positive terminal connected directly to the posiliTe 
I bus bar and its negative terminal to the negative bus bar ; then when i 
I great demand for current is made by the cars, part of it is supplied bj 
rthe battery, and the dynamos and engines are relieved to some extern 
1 When the current required by the cars is small, the baitety takes cur- 
f rent from the dynamos, by which means it is kept charged ; and thus 
\ the variations of the load on the engines are made much smaller thaa 
f they would be without the battery. Storage batteries are also used in 






Fig. 215. — Load Curve taken fur One 



vay Plant. 



few large American and various foreign electric light stations to aid in 

I supplying the current during the period of greatest load, and the bal- 

1 teries are then recharged during the period of light load. They cannot 

I be very satisfactorily used in small plants because of their great expenst. 

878. Electric Car ContTOlling. — The detail improvements which have 

had the greatest effect upon the loads of electric railway power stations 

lie in the streel-car motors and the manner in which they are controlled. 

The earlier motors which were put upon street cars were wired upsa 

that the two machines were put permanently in parallel, and they were 

then controlled by means of resistances put in series with them. Some 

cars are still controlled in this manner. When the car is to be Started, 
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m lever is moved so that it connects the two motors to the 
BOrallel with each other and in series with a resistance. To 
Kars nin faster, the resistance is gradually cut out of the cir- 
BBally a certain portion of the series field coils of the motors 
■t out also, if a particularly high speed is desired, 
v-way of controlling the speed of streetcars is by what is called 
■DUtated field " method. In this case the fields of the motors 
I ui separate divisions, usually three in number, and the speed 
tfor is controlled by connecting the field coils of each motor in 
Bom bin at ions. When a car is to be started, the switch handle 
mi a position which causes the three field coils on each motor to 
gted in series with the armature. To cause the car to run 
e lever is moved from point to point, commutating the fields 
ms arrangements, until on the seventh and last notch the indi- 
Id coils nre in parallel. It is of some interest to know that this 
as developed by Sprague while working on the historic line in 
d. These methods of motor control are also used to some 
r huislmg and other i-ariable speed series-wound motors. 
^es-parallel Control. — ^ Both of the earlier forms of controllers 
f well as far as the handling of cars is concerned, but the use 
{ in the manner descril>ed causes a great waste of power, 
gently the cars require a great deal of current in starting. 
1 effect in increasing the suddenness and magnitude 
lages of load at the power station. The need for a more 
mtroUer which would waste less power and allow the cars to 
t became so pressing that various devices were 
t meet the want. All of these were reduced to some form of 
(lid" controller. 

[ or Torque with which a series-wound motor lends to start 
l!y upon the current flowing through it, If two motors are 
I parallel, and enough current is passed through them to 
r, the total amount of current may be as much as eighty 
■ starting effort in this case is caused by /erf}' amperes 
k each motor. Now, if the same two motors are con- 
s with each other, and a current of forty amperes is per- 
rtfarongh them, each will exert the same starting effort as 



E" 





before, and the car will start with tlie expenditure of only half Iht 
rent. Having started the car, the motors must be connected 
in order that ihey may run at a reasonably high speed, because 
ihe motors are in serie\ the total pressure of 500 volts is divided belwtca 
them, and each, therefore, gcis only about 250 volts. The speed of 1 
motor depends directly upon the pressure at its armature terminals, aod 
therefore, when connected in series, the motors will run at only hii 
speed. 

280. Starting Current Currea. — The actual process of controlling 

car by the series- pa rail el method consists of starting the car with the 

motors in scries with each 

other am 

ting the 

circuit, and then by a seria 
of commutations indiuid 
in Figure 716. putting lb« 
tnolofs in parallel with each 
other, and in series with ih( 
resistance. This resislsnct 
is finally cut out of the ciJ- 
cuit to make the car nttm 
a high speed. 

The comparative effi- 
ciency of operating c»n 
with motors equipped "illi 
rheostat and with seriei- 
parallel controllers is illw- 
Irated in Figure 317. The 
lime after current is admitted to the motors is laid off on the hoti- 
zontal line, and the distance from the horizontal to the wavy li 
any point shows the amount of current flowing through the moton 
at that instant. The upper wavy line shows the current consumed 
when a certain pair of motors were controlled by a rheost.il, and ibe 
lower wavy line shows the current consumed when the same molon 
were controlled in the series- parallel fashion. During the first ten sec- 
onds the rheostat control required twice as much current on the average 
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^^^^e se lies -parallel control, and during the first eighteen seconds^^^^ 
^^Bostat required one-half more current. ^^^| 
PBinilar figure might also be drawn to illustrate the difTerence betweeol^^H 
Ptmounts of current used by a careful motorman in starting his cac^^H 
td by a careless man. ^^B 
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«nus to the engine f,,. „,._.„|,,.^,,„ ^/.Ts^ving .ff.c«d b 

inver who succeeds in of ibe ■■ Series-paiallel Conlroller." 

Oaking his runs each 

"Kinth with the least coal, and it would be a paying investn 
Oany electric railroads to pay a bonus to their motormen who 
O making ihe runs with the least current. 

881. A Few of the Csea of Stationary Electric Motors. — Du 
*aB decade electric motors have come to be almost a necessity K 
»ho live in small cities, and use small amounts of power. The 
«1 way in which electric motors have come into general use is ve 
Og. The number used in Chicago in the year 1889 was ver 
"hile in i8o4 motors to more than four thousand horse-power 
•«re supplied with current from the distributing system of the 
'lluminating Company of that city. The increase since then h 
dually rapid. In addiiion to these motors, many more are 
"dlh current from either central or isolated plants. Chicago is n 
"v'^ptional in the number of electric motors which its inhabita 
■A:ge numbers are also used in New York, Boston, Philadelp 
. r large cities. In fact, electric motors are as necessary to t 
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^^m die watts wasted in the hewing of ihe armature conductois. 
^H called the C'X loss of the annaiure, and should he quite small, i 
^H ___,—- thai the motor may lie 

^H ^^rc:^'"^^ ^^k ^^^^ efficient and regulate 

^M tffli^B^k ^A ^^^ product the 

^ RaWP**-. . . . ^^B trie pressure is equal lo 

power that is exerted in c 
ing the armature to rotate;! 
and the more nearly thecounidj 
pressure approaches the dtcat] 
pressure when tli 
ning, the better is the cfficieticj 
of the motor and the beiw 
wilt it regulate. U'e someiima 
hear of an attempt lo builil aa 
improved motor which pro- 
duces no counter electromotive 
force ; but all such attempts 
are doomed to fa i hi re, 
/Af sn^fess of fhe motor liefftiii 
upon its producing the covntti 
P> 

284. Starting Box or Rbeo- 
Stat. — As the resistance of the 
armature of an electric ramot 
is usually quite small, for the 
reasons presented in Article 
283, some special means must 
be jirovided for avoiding too 
great a rush of current, when 
" a motor is to be started by 

connecting it to a circuit, 
of a ten horse power motor, which il 
lesigned to be operated in connection with a iio-volt circuit, may be 
ibout three-tenths of an ohm, or even less. The current that stidi an 




The resistance of the 
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lay be expected to carry at full load is nearly 40 amperes, 

iftJbmaiUTe is connected across the z^o-volt circuit while it is 

y opposition which the current meets is that caused by 

', since no counter electric pressure is developed while the 




H is Standing still ; and the current that instantly tends to flow 
![h the armature is, in accordance with Ohm's I^w, 2 10 /.j = 733 + 
res, — a sufficient current to overheat and ruin the armature, un- 
le circuit is instantly broken. 

Kessary, therefore, to insert a certain amount of resistance in M 
1 the armature, when the motor is to be started, so that ihe 
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■■current may be choked back until the rotation of the r 
reached a speed which causes it to produce sufficient counter presstm 
to prevent an excessive rush of current through the windings. A resisi- 
ance box made up for this purpose is called a Starting Box or Sumisj 
RheoBtat. A usual form is illustrated in Figure 2350. It consisB of 
a box fill! of iron wire resistance coils, wound on asbestos tubes ot 
some similar incombustible material. These are a!! connected in seri«, 
and one end of the series is connected to a binding post. The resist- 
ance coils are connected at intervals to buttons that are shon-n on the 
fixjnt of the box. The lever arm shown in the figure is connected to» 
binding post by a short wire behind the box cover. 

When the starting box is connected in the circuit with a shunt-wound 
motor in accordance with the illustration (Fig. 3256), the motor may 
be safely started by the following procedure. When the main switch 
is closed, the current flows through the field winding and sets up the 
field magnetism. The handle of the box lever L is then mwed 
slowly toward the right, from button to button. When the lever con- 
tact is on the button marked a, all the resistance of the starting boi 
is connected in series with the motor armature. As the lever contact 
moves toward the right, the resistance included in the circuit is giado- 
ally reduced ; and when the lever contact stands on the button marked 
" on," all of the resistance has been cut out, and the motor armature H 
connected directly to the cii 
been given an opportunity tc 
counter electromotive force 
from becoming excessive. 

The resistance of the coils i 
vent much more than the i 



:uit. In the meantime the a 

come up to its regular speed, so that the 

s amply sufficient to prevent the current 



n the starting box must be sufficient to pre- 
mal current of fiiU load from flowing through 
e when it is stationary. In the case of the ten horse power 
motor referred to above, the starting box should contain not less than 
4 or 5 ohms, and the rheostat coils should be capable of carrying the 
full load current for several minutes without becoming dangerously hot 
285. Automatic Releftse. — Most starting boxes nowadays arc fitted 
with an automatic arrangement that allows the contact lever to return to 
its " off " position in case the main switch is opened or ihc current 
supply fails for any reason. This is very desirable, since it disconnectt 



OPERATION OF ELECTRIC MOTORS 327 

. . ^ circuit, and prevents it from being injured in case the 
vvy IS renewed while the armature is at rest. This constnic- 
" impossihle, after the motor is started, to leave the 
P"manent!y in a mid-position, which might result in dan- 
. o^rheating 
"^'^e coiU, 
I starting boxes 
'•"mended in 
' of the Un- 
% and are 
(for many b- 




I, Ihe field magnets become excited, and the motor armature 
Bove. The contact lever is then slowly moved to the "on " 
lie the tnotor gathers speed. Care must be taken to avoid 
( resistance of the starting box out of the circuit too rapidly, 
iat the starting current may not be too great ; but the lever 
B permitted to stand more than a short time (perhaps a half 
my one button, because the resistance coils are intended to 
t for only a short time. 
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In Stopping a motor, the main switch should be opened. After li« 
armature has nearly stopped, the contact lever of an automatic starling 
box returns to its " off" position. If the starting box is not automatic, 
the lever must be returned by hand. 

287. Reversing the Direction of Rotation. — To reverse the direction 
of the rotation of a motor armature, it is necessary to reverse the reUtire 
direction in which the current in the conductors flows through the mag- 
netic field. Consequently, either the current in the armature coils must 
have its direction reversed while the field magnets retain their originil 
polarity, or else the polarity of the field magnets must be reversed wilh- 
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out changing the direction of the current in the armature. A simple 
exchange of the positive and negative terminal connections of the in 
circuit to the motor has no effect on the direction of the rotation of the 
armature, since the polarity of the fields is reversed by this exchange at 
the same time that the direction of the current in the armature coils ii 
reversed. This exchange, therefore, does not change the restive con- 
ditions. Consequently, lo effed a reivrsal of rotaHon, change either ^ 
direction of the current in the field coils, or the direction of Ike £urrt*tm 
the armature, but not both. Reversiiig the direction of the current io 
the armature coils is the commoner method of effecting the reversal of 
rotation. If a motor is to be often reversed, as in elevator woiki it is 
usual lo provide it with relatively powerful field magnets, so that ite 
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The amount of power required to drive different classes of machinHj 

is, as a general rule, iinile uncertain. 

The width of the belt which is commonly used on a machine is ; 
indication of the power required, as it may be assumed that a single 
leather belt when running at the ordinary speed used in shops will . 
factorily drive from one to two horse power per inch of width. A double 
bell will generally drive about twice as much as a single one. An esad 
estimate of the power used by any machine cannot be made from tin 
size of its belt, however, since the driving power of a bell depends, 
amongst other concliiions, directly upon its speed, and even at ordinwr 

speeds it m»j 
transmit vtrf 
much more 
|)ower than ilif 
rule given atwuc 
would indicate, 
though its tipet- 
ation would be 
unsalisfacion: 
289. Electric 
Launches and 
Automobiles.— 
Before leaving 
this subject, the 
Vise of clectricil]f 
upon boats and 
automobilef 
musibetauchcd 
" similar to those 
Chicago Wodd's 



Fill. 330. — Klectric 
Launch. 


1 



upon. Figure 230 shows one of the " electric h 
which proved such a success on the lagoons 
Fair, and which are now buiit for general sale. These boats are veiy 
much like small steam or gasoline launches, but instead of a hot steam 
boiler and engine, or a disagreeable gasoline engine, an electric molOT, 
which may be put out of sight under the floor, is operated by electric 
currenl from a storage battery, the cells of which are placed under the 
seats and floor so as to act as ballast. The boat is not so independent 
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gasoline launch, as the battery must be charged every day to 
h^ in good order for operating, but electric launches are convenient 
wherever current can be obtained for charging the batteries, 
ig the past two or three years the automobile has been so far 



sight on the streets of most of 
; driven by steam, 
method is popular in the large 



^eloi>ed that it has become a familia: 
"^Ur ciiies and towns. These horseless c 
^*soline, and electricity. The latter r 
^*l\cs where electric 
^^mm may be readily 
_^*blained for charging 
! Storage batlerit:,. 
BlthasgivenrensL'ii- 
if satisfactory result,-:, 
IT of from one- 
r to two or more 
t power is usually 

I to one of the •• 
I of the carriage 
, supplied with 
■ from a storage 
stored neatly 
r the seat. The i,,, . . , .M,.inie. 

r is controlled by 

t, the h.indle of which is within easy reach of the driver. Such 

one of which is exhibited in Figure 231, have not yet proved 

selves to be so efficient that they seem likely to drive all the cab 

1 dray horses from our city streets, after the manner of the electric 

t, which, within the space of ten years, caused the street-car horse 

k become an oddity. ^^ 
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Tby the magnetic effects of 

f of the increased magnetic 
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i the magnet as it stands 
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These discoveries he pul 

■ Artie I p« [a; and 136. 
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36. Why are Tecurding vollmeters especially uiefal te a ' 
, In what special r«pect doc« the load of aa onR^ 
It differ from that of an electrii: light plant? 
1 aS. How may a storage ballery be u&ed to imaotfa ibc 
•n? 
. \\'hnt method) arc used for controlling street car ' 

30. Why i* the series- parallel mclhod of conltol of ail 

31. On what does the lotque of a series motor deper 

32. On what does the speed of a series motor dtpeC' 

33. Describe a motor "starting bos." 

34. Describe the operations of starting and atoppi" 

35. For what purjiuiies may electric motors he adv- 

36. Why do electric motors form ideal devices for 
[bclories? 

37. How should the 1 

38. How is power supplied W 

39. Dncribe an elecUicJi 
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the centre of interest throughout the country, and the construction o( 
telegraph lines was (juickly undertaken in various parts of the land. 

893. Needle Telegraph. — Almost coincident with the development 
of ihe Motse telegraph in America, the neeilk telegraph was put upon a 
practical footing in England. The operation of this apparatus depends 
vpon the deflection of a magnetic needle by an electric current in a sur- 
roiinding coil. By making and breaking the circuit, the needle may be 
caused to swing and then to come to rest, or by reversing the current 
the needle may be caused to swing from one side to the other ; and sig- 
nals may be indicated by the motions of the needle. The needle tele- 
graph came into considerable use, but it has now been almost completely 
superseded by the Morse telegraph and the code of signals invented by 
Worse, which consists of conveniently spaced dots and dashes, and is 
called the Morse alphabet. 

It may be properly added here that the recognition of the correctness 
of the laws of current flow enunciated in 1827 by Ohm. though tardy, was 
still of great service in the later development of telegraphy. 

294. The Telegraph Key. — The Morse system of telegraphy at the 
present lime has four elements connected in series : 

ist, a Battery or other source of an electric current ; 

id, a Key, by means of which the electric circuit may be made and 
broken to produce Signals ; 

3d, a Line of wire running from the point at which the signals are 
produced to the point where the 
signals are 10 be received ; 

^ih, an electromagnetic Relay, 
SooDder, or Register, by means 
of which the signals may be dis- 
tinguished or recorded. 

The battery ordinarily used in 
'elegraphy is the common grav- 
ity form described in Article 49, 
Ijui galvanic batteries, during the 
Past few years, have been widely replaced 
dynamos. 

The ordinary form of telegraph key is shown 
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Figure 333. T] 
i B> a oxttact point which is see 
i^.f^ <$**• ^1^ vttich is iasnUied from the fe 
.^Q^m^Hnfing cooUct point directly above th 
« B in drctrioO contact with th 
4 '}< tbe lr*CT ud frame. When the ] 
':af tte cin.-uii wire and attaching 
^=^ ifae ctTcuit may be made and b 
^e^awsRBg o( raising the lever. Soro 
idiDg posts for the coonectioa 
^K tclefraph ciroiil is broken 
y X switch b placed on 
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XB5. The Telegrapb I^e. — The current used in telegraphy is quite 
Oall — it does not often exceed fifty milliaraperes,' — consequently it is 
:>ssible to satisfactorily use the earth for one side of Ihe circuit. A lele- 
raph line, therefore, ordinarily consists of a. wire supported on wooden 
Dies and mnning from station to station. At its ends the wire is con- 
^led lo the earth by means of Ground Plates, as shown at G, G, in 
^tgae 134. 

The wire used is generally made of the best galvanized iron, but 
^ some short lines steel wire is used, and for some of the most impor- 
kot lines between large cities copper wire is used. Wires as large as 
Kb. 4 Birmingham wire gauge and as small as No. lo are sometimes 
Med, but the usual si^e is No. 6 or No. 8. The choice of the size and 
Sod of wire depends largely upon the length and importance of the line, 
^wn which also depends the amount of battery power which is neces- 
■ry to operate the signals and the care which is lent to keeping the 
me in good condition. 

286. Recording Register. — In the earlier days of the Morse tele- 
^ph it was thought necessary, as already explained, to receive the 
ignals constituting a telegraphic message in a permanent form by means 
*f a recording register. One of _,„„.„.. 

lie improved registers 
n Figure 235, This 
if a case containing a horse- 
boe electromagnet, the wind- 
igs of which are connected in 
Dries with the telegraph cir- 
iiiL Over the poles of the 
ugnet is an Armature of soft 
ml, which is held against a 
!Op hy the pull of the magnet 
hen the current flows through 
le circuit. When the current 

iniertupled by means of a 
ejr, as in sending signals, the electromagnet loses its magnetism, and 
r is no longer attracted, so chat a small spring which is 
1 Article 194. 



I 




Fig. ajj. — Recording Telegraph Reglsler. 
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B « > '^^x, wmdt a fianted so thai it may ti 
' loiial ^HCB l|r fwwwig cxk's fingers npc 
I (AekAkMd«f AcfiBBc). The sphng shown i 
' 4p*B KmA to kc^ tkc ievcT xt the apper end of il 
ao Opentor, in | 
wilh the key, net 
the lever and It 
its Domial positio 
ii^ the pressure, 
fingers are tbi^ 
the button in tfi 
Figure 133, T^ 
of ife key is Gomcctcd 10 * coona point which is y 
llie hg (Fig. sji), snd which is insulated from th« f 
curies a comspoodu^ contact point directly above ' 
T^ Bpper coatact point is in electrical contact widl 
dnaqgh the metal of the le^er and frame. Whcntt 
imo a dicait bv cutting the circuit wire and altacIA 
(be two legs of the key, the circuit may be made oBf 
of the operator by depressing or raising the lever. S 
without legs, bat with binding posts for the connect! 
As ordin&rily arranged, a telegraph circuit is bic' 
of making signals ; consequently a switch is placed 
the circuit can be closed 



341 

re as it 

he cur- 

rcinlini,' 

■ting the 

le(■h:lni^^^n 
i-igurc 237 




7^9 ELECTRO VAGSET 




ilinders shown nhnnt 

■ is magnet (:on>i:^l.- of 

in diameter and one 

.' (1 with Mack j^aper or 

are screwed fa>l to an 

•gnet. The armature is 

. the armature is attracted 

.\> the bar moves l..:(k and 

'i:cs one of the stops. The 

ni^ of a screw, so that the 

' ertain range of currents of 



rounder, much experience is 

Kpert by long practice. It is 

■. c.;n the (licks of the armature 

'i!e consideration will show that 




^i m M. »J 



tt^^. i>*e«*r« 







THE TELEGRAPH 



jm cjch cod. the wire is said to be Daplexed. When it is so airarij 
M both messages may be scni from ooe end, the wire is usually said 
; Diplexeil. Di- 
i wires are not 
rily used, ex- 
mbinatioiL 
Ba wire is ar- 
ise that four 

aimed over it 
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iiid to be Quad- 

.'led. In arrang- 

I Quadtuplex, a 

■uinj)! nation is prac- 

EiCilly made of a 

iiiplex and a diplex 

M . Ihiplex Telegraphy. 

iiphy requires 
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Jj 



Fig. J39. — Illusiiaiion of Appuaiiu ■) Telegraph Station, 
incliiUiDg Key. Rcla)', and Local Circuit, tWith ^Uaj 
and Sounder. 

The commonest arrangement for duplex 
.pecial relay, which is connected as shown io 
seen that three points of connection are made to the 
wire which is wound on the electromagnet of the 
relay, one point at each end of the wire, and a third 
at the middle of the wire. One-half of the wire is 
wound on each leg of the electromagnet in the usual 
way. If a cunent is passed through the wire from 
one end to the other, as indicated by the anow-heads 
on the wire, the relay acts as a common relay. 

If a current is sent into the relay from the middle 
point, the eutrenl divides, as indicated by the dotted 
arrows, and the two parts pass through the windings 
on the two legs of the electromagnet in sueh a way 
that their magnetic effects are in apposite dirtetions. 
f the two divisions of the current are equal, their magnetic effects 
eutralJM each other, so that the armature of the relay Is not affected. 
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Such a relay is called a DiSerentU Rday. The exact 
of the windings on a dinerential relay may vary considerably, bat 
purpose and elTect of all arrangements are exactly the same as dcscnbet 
uHEwmt Figure 241 is a diagiM 

of the connections made 
a telegraph station for dupl 
telegraphy using a diffcna- 
tial relay. This anan] 
is often called the 
Dnplex. The figure sbonbf 
the arrowheads that the cti^ 
rent sent into the line it the 
station divides in the nbif 
belonging to that station.iDd 
half of it passes to the groond , 
through the resistance (/?) and back to the battery. The other half el 
the current gui's lhrouj;h the line and the relay of the distant station for 
which the signals are intended, and returns to the battery by way of tbe 
earth. 

The Iwu h.ilvt^i of the current pass through the coils of the home 
relay in oppo-iie direclinns and neutralize each other's m.ignetic effects. 
A message sent from liic liome key, therefore, does not affect the home 
relay. That ii.irl of the current which goes into the line passes through 
the winding of the di^itant relay in the usual manner, so as to make 1 
signal. In this way tlio operator at any station on a line can sijml 
another withuiil affecting his home relay. Two messages can thcr*fbre 
be transmitted at the samo time in opposite directions between wc 
stations without interfiTcnre. This, of course, requires two operators, 
one to semi .md one 10 receive the message at each station. The figure 
shows a sjiccial <levice for making the signals, which is called a Tr«B»- 
mitter. This is cxpl.iined in the next article. 

In order that a difrereniial duplex system may work, it is absoluteh 
necessary that the rnrrent in the relay dii'ide quite accurately into halve*- 
This is effected hy properly adjusting the resistance of the rheostat Jl in 
the home branch of the circuit. The branch of the circuit at eachst*- 
(ion containing the resistance ^ is called the Artifldal line, since it s 
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»t as far as possible the condiCioD of the actual line i 
L the duplex may work satisfactorily. The resistance of the line 
lalanced by making the resistance R so that it may be adjusted 

> suit the condition of the line. Certain smaller resistances (r, 
the figure) are also used in the home circuits to smooth the 
the trattsmitter in making and breaking the circuit, 
ectrostatic capacity of the line affects the rise and fall of the 
t it as the signals are transmitted, and in order to get the beat 
ith the differential relay the artificial line is arranged with a 
T, S, connected in parallel with the resistance R, the capacity 

balances that of the hne. This condenser is usually made of 
r tin-foil insulated by sheets of thin mica or paraffined linen 
id the capacity connected into circuit may be adjusted by means 

%. telegraph circuit is arranged for duplex working, it is necessary 
a line battery at each of the stations. For simple working all 
:ry may be pbced, if desired, at a single point along the hne. 
Siplex Working. — When a line is arranged for diplex working, 
I are placed at the sending station and two relays are placed at 
iving station. One of these relays, called the Potaiiied Relay, 
lently magnetized sieel armature. When the armature, 
■& across the poles of a horseshoe electromagnet is permanently 
sed or polarized, it is attracted when the current flows in one 
and repelled when the current flows in the opposite direction. 
Advantage may best be taken of 
this by placing the polarized arma- 
ture between the poles of the elec- 
tromagnet, as in Figures 341 and 
* 3\\. The end of the armature will ° 



r 



Relay then stick against either pole m- „( Poi.nKj Hti«y 
rent flo— differently when no current flows, w"! Cummi flo*- 
' ^ ■*• if it is not restrained by a spring. "^n*""" '*^'" '" 

When a current flows in one direc- 
end of the armature will move up to one pole, and when the 
; is reversed, the armature will move over to the other pole, as 
in the figures. 
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13. What kinds and dxes of wire are used in t clcg t ay h fines? j 

14. How does a recording register work? J 

15. How are letters and words composed of tel^raph signals? J 

16. Describe a sounder. 1 

17. How are signab read from a sounder? I 

18. Describe a relay. 1 

19. How are relays used ? What is the local drcoit? ] 

20. Why are relays used ? 1 

21. What is multiple telegraphy? 

22. What is duplex telegraphy? . i 

23. What is diplex telegraphy? 

24. What is quadruplex telegraphy? 

25. What is a differential relay? How is it used? 

26. What is the principle of a differential duplex system? 

27. What is the artificial line? 

28. What is a pole changer? What is it for? 

29. What is the principle of a two-current diplex system? 
50. What are the principles of a quadruplex system? 

31. How must the relays be wound for differential duplex working? 

32. Explain the principle of the bridge duplex. 

33. Why docs the home relay in the bridge duplex not record the signals sent 
from the home transmitter? 

34. What are automatic and autographic telegraphs? 

35. When was the first Atlantic cable laid? 

36. What troubles did Mr. Field encounter in laying a cable? 

37. How arc ocean cables worked? 

308. The Telephone. — Unlike telegraphy, which is nearly the oldest 
commercial application of electricity, the telephone is one of the later 
commercial applications. The word " telegraph " comes from two Greek 
words which mean, when combined, to write at a distance, while "tele- 
phone " comes from two Greek words which mean to speak at a distance. 
The first telephone that can be given the credit of commercial success 
was invented by Alexander Graham Bell, and lyas privately exhibited by 
him at the Centennial Exposition at Philadelphia in 1876. Dr. Elisha 
Gray applied for patents on a telephone mechanism at the same time, 
and the nearly simultaneous invention of the instrument by the two 
noted men gave rise to a famous patent law suit. 

Since that time the usefulness of the telephone has been greatly 
increased by other inventions which make its service more perfect. Id 



THE OCEAN TELEGRAPH 349 

1 -.-n de^Hsed, but they have been too complicated to be successful in 
■. 'eration, and can receive no attention here. When more than four 
. ■- ^agc^ ire sent over a wire, the arrangement is ordinarily called Mnl- 

.'.pl£x Telegraphy, though this title really applies to all telegraphic ar- 

■ -lagements where two or more messages are sent over a wire at one time. 

Methods have also been devised for sending messages by machines 

■ ■■■itead of by hand. Such machines are used to a considerable extent 
' r special work, such as sending press despatches, stock quotations, and 

I .iilar purposes, II is usual for machine-sent messages to be received 
■ special machine recorders, which print the messages either in Morse 
. iracters or directly in the English alphabet. Where machines arc 
: ■ .1! in telegnphy, the arrangement is ordinarily spoken of as Auto- 
laatic Telegraphy. 

Other devices have been inventetl by means of which a written mes- 
sage or sketch may be transmitted exactly as it is written or drawn. 
'I'hesc are ordinarily spoken of as devices for Autographic Telegraphy. 
Tlie most successful of these arrangements thus far is the Cray's Telau- 
tograph, but none of them have yet come into general use, on account 
01' their complications. 

305. Ocean Telegraphy. — Before passing from the subject of telcg- 
■ iiihy to th? closely allied one of telephony, it is worth while to say a 
I'. I. rd concerning Submarine telegraphy. The first successful cable was 
Ijid from America to Europe in 1S66. The resuh is largely due to the 
tireless energy and eitceptional grit of Cyrus W, Field, an .American 
capitalist. Mr. Field first entertained the thought of carrying " the line 
across the ocean" in the early part of 1854. He at once formed a 
company, and, though met by ridicule and rebuffs on every hand (dealt 
equally by scientific men and capitalists), he succeeded in enlisting the 
aid of friends on both sides of the Atlantic and the interest of the gov- 
ernments of the United Slates and Great Britain. After several attempts, 
and the partial loss of two cables, a cable was finally laid in 185S across 
the ocean from Ireland to Newfoundland. It transmitted congratula- 
tions between the President of the United States and the Queen of 
England ; worked with difficulty three weeks; and then became silent. 
This failure, due to weakness in the consiniction of the cable, was a 
crushing blow. The company had spent milliotts and its supporters 
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^^hlotithpiece, and D is the diaphragm. Touching the back of the dia- 

' ■phragm is a piece of platinum wire, /, about g\ inch in diameter and ^ 

inch long, which is soldered into a hole at the end of a very fine German 

I til ver spring, x. The other end of this piece of platinum makes a loose 

toiaci at C with the polished face of a carbon button which is sus- 

Bnded on a piece of very flexible watch spring, y. 

t amount of pressure at the contact is exceed- 

^y small and may be very delicately adjusted 

ftfae screw which is shown near the bottom of 

e figure. 

I Platinum and carbon electrodes are used in 

lliis transmitter in preference to two carbon elec- 

jdcs because there is less sparking between 

lem than there would be between two carbon 

1, and the conductivity of the surfaces is ] 
Eserved for a longer time. The carbon button 
I platinum piece are represented by the two 
ieavy black spots at C in the figure. 

, If the diaphragm of this transmitter (which is commonly known as 

e Blake transmitter) is spoken to, it vibrates and causes the platinum 

Int to press more or less lightly upon the carbon button and thus 

iries the resistance of the contact. If the transmitter is connected in 

fc.arcuil including a battery and Bell telephone receiver, as shown in 

250, the current flowing in the circuit varies with the resistance of 

I carbon contact when the transmitter diaphragm vibrates. The 

nrent in the circuit is, therefore, thrown into waves which correspond 

^th the vibrations of the diaphragm. As these waves of current pass 

1 the coil of the receiver, they increase and decrease the strength 

f the magnet, and its diaphragm is thrown into vibration so that the 

mds are reproduced, as already explained in Article 308. 
( A transmitter in which two carbon electrodes are separated by 
•granules of carbon is also commonly used. Such a one is illustrated 
in Figure 259. 

310. Hicrophonea. — Such a carbon contact as is used in a tele- 
phone transmitter is called a Microphone, and a transmitter in which it 
is used is often called a Micropboae Transmitter. A very easily made 
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^■lljcrophone, in which both electrodes are of carbon, is shown ia 
^^Ki. In this figiire. C represents a short slick of carbon with pointed 
^V^ ends, which is held loosely between the 

^^ KK? *^' " ■■« carbon blocks BB. These blocks are i 

Utile coiiniersunk so as to keep the carbon 
stick from falling out, and they are fasleoed 
lo a thin piece of pine board, 5. The 
whole may be mounted on a board. Whet 
this microphone is connected in circuit 
with a cell of battery, B, and a telephone 
receiver, R, by means of the wires which 
are attached to the carbon blocks, it wB 

a rough microphone will not transmit 
) that it can be understood, but it will cause the telephone to 
Wnd for the slightest whisper. 

I The credit of the invention belongs jointly to Professor D. E, Hughes, 
if Great Britain, and to Edison. Each discovered the properties of low 
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carbon contacts in 1878. The form of microphone constructed W 
Hughes was strictly a loose contact device such as is illustrated in Fi^ 





Fthat invented by Edison consisted of a soft mass of lamp 
it two elecicodes, one of which was attached to a telephone 
{Eaphragm. 

Ijnduction Coil. — The ordinary microphone transmitter 
I in telephony is a rather delicate affair, and it cannot be 
I' more than one or two baltery cells. In order that long 
j^ satisfactorily spoken over, the effect of the transmitter is 
^ means of tlcctramagnetU imiuetion. The imUutwn coil* 
vhich is used for this purpose, also has the advantage of 
|k scratchy sound which is caused by the transmitter. The 
(ing of the induction coil is connected in series with the 
Bud battery and the secondary winding in series with 



^ete Telephone Set. ^ The commercial telephone system 

much more than the transmitter and receiver with their 

Ig battery and line. When telephones are 

|lo connect two points, there must be lo- 

b point a transmitter, a receiver, a battery 

f of operating an electric call bell at the 

and a local call bell. This outlit is usually 

[get like the familiar form shown in Figure 

\a represents the transmitter, B, the re- 

pox containing the baitery cells, DJ), the 

li bells, and E, a box containing a small 

k permanent magnets called a magneto,' 

le operated by a crank. The m;ignelo is 

irating the call bells. When the receiver 

li it hangs on a hook (as shown) which is 

r the weight of the receiver and moves 

IS which connect the bells and magneto phunt Sci. 

Lit and disconnect the telephone instru- 
i the receiver is taken from the hook, the latter rises so 

lets cut the bells and magneto out of circuit and the tele- 
|l«DtS into the circuit. 
Lshaws a diagram of the circuits in an ordinary commercial 

BAjliclBi39. 
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1 the bell and magneto conni^cted across the line, that iii 

I arrangement, as it is often called. The bell and raagiK 

crator are connetteii in bridges acioa i 

tlic generator being provided with an au 

switch S that closes when the crank ii 

\\'hen the receiver is off the hook, as ill 

in the figure, a spring lifts the hook ant 

the lever into contact with A' and 0. tli 

ing the battery circuit through the Ira 

__. —3 and connecting the receiver and ibe se 

H|l|fV winding of the inductioQ coil into i 

313. Telephone Exchanges. — The 

tclepiiones simply to connect two point 
a .small part of the field of usefulnes 
telephone. The great majority of tel 
are used in connection with a Cmtral E: 
This is a place where many telephone lii 
^^^ J. Ire and are bronght to a Switchboard 

^fcr,Jj they may be readily connected with ear 

^^auT ^y ''^'^ arrangement each telephone U! 

' great city may have his telephone quid 

necieil with that of any other person. 
telephone user or Subscriber is suppli 
a set such as is shown in Figure 253, 
ii« from the telephone set to a section on the switchl 
which bears the subscriber's individual number, 
wishes to speak with another, he turns the cran: 
caunng a signal at the switchlKwrd. He then tt 
nd from its hook, and when the switchboard at 
s hn to connect him with the number of the seco 
Ste beo^ ^°*' "'^ ntleniiant rings the telephone be] 
\lf means of a magneto, and this calls him 
(S die convetsation between the two subscr 
j( t^cn notifies the swit<:hboard attendant bj 
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L4. Telephone Switchboards. — Telephone switchboards are, as a 
uile complicated, since an exchange is always connected lo a 
e number of wires, and since the connections of the telephone wires 
be arranged so that the operators and the subscribers are able to 
^ and talk to each other, as well as so that the subscribers' lines 
y be quickly connected together. 

Ln ihe earlier and simpler forms of telephone switchboards the sub- 
ibcfs' wires on entering the exchange are each connected to a switch- 
ird circuit which contains a Spring Jack and an electromagnel which 
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mirob a Drop or shutter. The circuit terminates at a ground plate. 
M form of the electromagnet with its drop is illustrated in Figure 255. 
lie armature. A, of the electromagnet, j1/, has a hctok, D, which 
i^narily supports the shutter or drop, P, which is hinged at the 
Wlom in a vertical position. When the subscriber sends current over 
leline from his magneto, the armature. A, is attracted, the drop is rc- 
aitd and falls into the horizontal position illustrated in Figure 155. and 
ixteby discloses the subscriber's number which b painted at its back. 
A " spring jack " is an arrangement by means of which an electrical 
^xnectioa ma; be made by inserting a metallic plug b 
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t with the bell and magneto connected a 
ridged arrangement, as it is often called. 



s the line, thai is, 1 
The bell and magneto,! 
erator are connected in bridges across diel 
tlie generator being provided with a 
switch S thai closes when the crank b n 
When the receiver is off the hook. ; 
in the figure, a spring lifts the hook and h 
the lever into contact with -V and O, thus clo* 
ing the battery circuit through the transmilW 
and connecting the receiver and the secondarl 
winding of the induction coil into the iiK| 

313. Telephone Exchar^es. — ' 

telephones simply to connect two points is ooif 
a small part of the field of usefulness of iht 
teleplione. The great majority of lelephooa 
are used in connection with a Central Eicluuijt 
This is a place where many telephone lines « 
tre and are brought to a Switchboard so ll 
they may be readily connected with each oth 
By this arrangement each telephone user in 
great city may have his telephone quickly ci 
necled with that of any other person. Es 
telephone user or Subscriber is supplied wil*> 
a set such as is shown in Figure 253, and his 
line is run from the telephone set to a section on the switchboard »t | 
the exchange which bears the subscriber's individual number. WTieD 
one subscriber wishes to speak with another, he turns the crank of W 
magneto, thus causing a signal at the switchboard. He then takes his 
telephone receiver from its hook, and when the switchboard attend*" 
speaks, he asks her to connect him with the number of the second sub- 
scriber. This being done, the attendant rings the telephone bell of IW 
second subscriber by means of a magneto, and this calls him 10 the 
telephone. \Vhen the conversation between the two subscribers '* 
wmpleted, one of them notifies the switchboard attendant by in«» 
f his magneta 




Elctlrical Coniieci 
a Telephone Sel. 



THE TELEPHONE 



^359 



3l4. Telephone Switchboards. — Telephone switchboards are, as s 
■e, (juite complicatei], since an exchange is always connected to a 
Be number of wires, and since the connections of the telephone wires 
kst be arranged so that the operators and the subscribere are able to 
ktti and talk to each other, as well as so that the subscribers' lines 
ly be quickly connected together. 

En the earlier and simpler forms of telephone switchboards the sub- 
ibers' wires on entering the exchange are each connected to a switch- 
ud circuit which contains a Spring Jack and an electromagnet which 
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witrols a Drop or shutter. The circuit terminates at a ground plate. 
^ form of the electromagnet with its Jivj> is illustrated in Figure 255. 
file innature, A, of the electromagnet, Af, has a hook, D, which 
siiinarily supports the shutter or i/ro/>, P, which is hinged at the 
wttoni in a vertical position. When the subscriber sends current over 
^ line from his magneto, the armature. A, is attracted, the drop is re- 
'Wd and falls into the horizontal position illustrated in Figure 255, and 
*tretiy discloses the subscriber's number which is painted at its back. 

■^ "spring jack " is an arrangement by means of which an electrical 
■onnection may be made by inserting a metallic plug ii 
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set with the bell and magneto connected across the liiw 
Bridged arrangement, as it is often called. The bell and magnrtf 
erator are connected in bridges across ihi 
2 the generator being provided with an aiit( 

switch 5 that closes when the crank is t 
When the receiver is off the hook, as ilk: 
in the figure, a spring lifts the hook and 
the lever into contact with N and 0, thu 
ing the battery circuit through the xua 
and connecting the receiver and the sm 
winding of the induction coil into J 
circuit. J 

313. Telephone Exchanges. — Thej 
telephones simply to connect two points 
a small part of the field of usefulness 
telephone, The great majority of telt 
are used in connection with a Central E« 
This is a place where many telejihone lir 
Ire and are brought to a Switchboard 
they may be readily connected with earl 
By lliis arrangement each telephone us 
great city may have his telephone quid 
"' "}" necied with that of any other person. 
lelejihone user or Suhscriber is supplii 
a set such as is shown in Figure 253, 
line is run from the telephone set to a section on the switcht 
the exchange which bears the subscriber's individual number, 
one subscriber wishes to speak with another, he turns the cran' 
magneto, thus causing a signal at the switchboard. He then tt 
telephone receiver from its hook, and when the switchboard at 
speaks, he asks her to connect liim with the number of the seco 
scriber. This being done, the attendant rings the telephone bel 
second subscriber by means of a magneto, and this calls him 
telephone. When the conversation between the two subscr 
completed, one of them notifies the switchboard attendaat t 
of his magneto. 
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L4. Telepbone Switchboards. — Telephone switchboards are, as -i 

, quite cumplicateil, since an exchange is always connected to a 

e number of wires, and since the connections of the telephone 

ii be arranged so that the operators and the subscribers are able ti 

lal and laik to each other, as well as so that the subscribers' 1 

Y be (juickly connected together. 

in the earlier and simpler forms of telephone switchboards the sut>-f 

ibers" wires on entering the exchange are each connected to a switch- ' 

wd circuit which contains a Spring Jack and an electromagnet whiclij 
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nirob a Drop or shutter. The circuit terminates at a ground plate 
le form of the electromagnet with its i/mfi is illustrated in Figure JS5.B 
le armature, j4, of the electromagnet, Af, has a hook, /}, whichf^ 
linarily supports the shutter or Jro/; /*, which is hinged 1 
Itom in a vertical position. When the subscriber sends current over ' 
! line from his magneto, the armature, ^, is attracted, the drop is re- 
sed and falls into the horizontal position illustrated in Figure 255, and 
reby discloses the subscriber's number which is painted at its back. 
\ " spring jack " is an arrangement by means of which an electrical 
inectioD may be made by inserting a metallic plug into a hole so that 



358 , 



ELECTRICITY AND MAGNETISM 



set with the bell and magneto connected across the line, that is, 
Bridged arrangement, as it is often called. The bell and magneto 
eraior are connected in bridges across 
the generator being provided with an am 
switch S that closes when the crank is 
When the receiver is off the hook, as illi 
in ihe figure, a spring lifts the hook and 
the lever into conUct with JV and O, thus 
ing the battery circuit through the transn 
and connecting the receiver and the secoi 
iriniUfT" winding of the induction coil into the liwl 

JRlyl -), circuit. 

313. Telephone Excbai^es. — The use of 
telephones siniply to connect two points it OlJf 
a small part of the field of usefulness of the 
telephone. The great majority of telephoQK 
are used in connection wiih a Central Eichingt. 
This is a place where many telephoi 
tre and are brought to a Switchboard so thai 
ihey may be readily connected with each other. 
By this arrangement each telephone user in a 
great city may have his telephone quickly crjn- 
necled with Ihat of any other person. E^h 
telephone user or Subscriber is supplied wilh 
a set such as is shown in Figure 253, and hi 
line is run from the telephone set to a section on the switchboard at 
the exchange which beai^ the subscriber's individual number. When 
one subscriber wishes lo speak with another, he tiims the crank of bti 
magneto, thus causing a signal at the switchboard. He then takes his 
telephone receiver from its hook, and when the switchboard attendant 
speaks, he asks her to connect him with the number of the second sub- 
scriber. This being done, the attendant rings the telephone bell of the 
BCcond subscriber by means of a magneto, and this calls him to the 
telephone. When ihe conversation between the two subscribers it 
completed, one of them nolilies the switchboard attendant by means 
of his magneia 
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I. Tdepbone Switchboards. — Telephone switchboards are, as a 
quite complicated, since an exchange is always connected to a 
number of wiresj and since the connections of the telephone wires 
be arianged so that the operators and the subscribers are able to 

1 and talk to each other, as well as so that the subscribers' lines 

be quickly connected together, 
the earlier and simpler forms of telephone switchboards the sub- 

ets' wires on entering the exchange are each connected to a switch- 

iii circuit which contains a Spring Jack and an electromagnet which 




Fii:. 355. — Bledramagriol nud Shullei lac Telephone Switchlioard. 

jIs a Drop or shutter. The circviit terminates at a ground plate. 
brm of the electromagnet with its ifrop is illustrated in Figure asS- 
armature, y4, of the electromagnet, Af, has a hook, D, which 
irily supports the shutter or r/rop, P, which is hinged at the 
Ti in a vertical position. When the subscriber sends current over 
ne from his magneto, the arroalure, A, is attracted, the drop is re- 
i and falls into the horizontal position iUuslraled in Figure 255. and 
jy discloses the subscriber's number which is painted at its back. 
' spring jack " is an arrangement by means of which an electrical 
iction may be made by inserting a metallic plug into a hole so that 
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I small exchanges. On targe boards, liny electric lamps are used for 
uls instead of " drops." A storage battery is installed in the ex- 
lange for operating Ihem. Lifting a subscriber's telephone receiver 
D its hook completes a circuit throiigh the central battery so that his 
e signal lamp on the board is lighted, and no generator is needed at 
e subscriber's station. The sam^ central battery supplies current for 
le subscriber's transmitter. 
I 315. Multiple Boards. — As one operator can take care of the calls 
n only a limited number of subscribers (50 to 100 is the usual num- 
u per operdtoi) , 11 great many boards of the kind described would be re- 
a [he larger exchanges, and much difficulty and waste of time would 
e experienced in making connections between the line of a subscriber 
Ninected to one Iward and the line of a subscriber connected to another 
Card in another part of the room. Hence, what are known as Multiple 
ritchtmards are used in exchanges having many subscribers. 
The multiple board with its numerous details can be explained here 
nly in the briefest outline. The principle upon which it is based is to 
divide the total number of subscribers' lines into sets, each of which is 
brought to a different section of the switchboard where the lines belong- 
ing to the set may be looked nfter by an operator, 'i'he lines are con- 
nected to a drop and a spring jack in their proper sections, so that the 
operator may communicate with the subscribers by means of her tele- 
phone set. In addition to entering its own section through a drop and 
spring jack, every subscriber's line is also connected to a spring jack in 
everv other section. Consequently each operator attends to the calls 
of a limited number of subscribers whose lines are connected to drops 
in her section, and since all other lines have spring jacks in her section 
she can connect any of her subscribers' lines to the line of any other 
subscriber which enters the exchange. 

Figure 258 shows the principle of the multiple board. The dots 
marked " local jacks " in each section represent ihe spring jacks belong- 
ing to the lines which are looked after by the operator at the section. 
The drops, the keys for ringing up subscribers, the operator's telephone 
set, etc., are omitted from the figure for the sake of simplicity. The 
dots marked " ordinary jacks " represent the multiple spring jacks, by 
means of which the operator may connect any one of her subscribers with 
jflf other that is connected with the exchange. \l VVt \ic %e,w\, t« 
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telegraphing at tbc ttme bnc Tte 4aaUe ^ a 
lucton u extRui¥clr adoptal ob ^ ^m^ iliiia 

Us counif)-, 

I A diagramnntic ■kettli !!>■»*. j«»j; aw vn^soaeaC of dc 
I ihown In Figure i6a Tbe nvadly noTng id qi hna e 
Bcctively choked back bjr ibe h^ adf-iadnclMn gf the 
rumenu, NO that tbej do not diibbfe off thm^ iben : aod 
Inun in circuit •rjth the leJepbotMS ke<p the id^npfa 
terfering with Ihe talking cuTTent&. 
f S16. Wiring BeU Ciicaits. — The wins aaed for dectnc bell 

very clifTcrenl insulation from tint ol deciric Eght wiKt^ 

He niru ['ornmunly >isc<i inside of bnjldings for bdl cdimits is aSti 

^nnnnnciiLtor wire." It is a copper Kirewith ao msulaikn coosBDif (1 

two heavy collon wrappings, wound in oppo^te directioiiK, md 4* 

oujthly waxed arid paraffincl. These wires are tnade of vaiioos «>a 

jWi ate fre<iuently striped in diffeieot colors. Sometimes what is knon 

HK''' office wire" is used Tor telephone and messenger call connectioK' 

^Hk liuuialion of " oiTice wire " ordinarily coitsists of two braidiDgs of 

^■Hon which are well so.iked in paraffioe. 

^■Whlte no danger cin arise from the use of these poorly insubted 
^K nich cirmiil!!, provided they are not in a position to come in cooUd 
^HAi cWrtric li(;ht wires, yet a great deal of inconvenience is caused br 
^^pir nnutiiifaclory and leaky character. Tliis is the coodidon of oam- 
^■ricM elci:iric bell cir(;uits in houses all over the country where the 
^Bnt door tiells fail to ring wlien the buttons are pushed. The trouUe 
^BtMUKd by the airrent leaking from poorly insulated wires where they 
^H|M in contact with dampness or at some point where they are both 
^ImmI under one metal staple, and the difficulty in a great tnajoriQ' 
^H tke caaes would never have ajipeared had wire with good nibbM 
^■wtktian been used. As No. i8 1!. & 5. wire is usually used for the 
^Hri^ dKna, the extra cost caused by using rubber-covered or " weaihw 
^^I^^Bte ii not very greal, while the inconvenience avoided by Ik 
^^^^^B|e considerable. 

^^^^^^ftggt be assumed, however, that all the troubles to which b^U 
^^^^^^^■1 Mfltf circuits are heir arise from poor insulation. BJttct; 
^^^^^K^ I See Cliapler XX. 




r evaporates, and the battery may not 
I: on that account. The mechanism of bells and push buttons is very 
pie and not likely to get out of order, but trouble may occur even in 
n. The contact in a push button gradually becomes corroded, and 
) when the button is pushed it does not complete the circuit. This 
E \a easily remedied by taking the cover off the button and scraping 
contact points. 

igurc :6r is a diagram which shows two arrangements for electric 
circuits. The battery consists of one or two open circuit cells. 
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e connected in series with the bell and push button by wires , 
h may nin within the walls of a house. When the button is pushed, 
isea the circuit and the bell rings. When the button is not being ' 
ed, the circuit should be open and the battery at rest. 
a leak occurs from «ire to wire, the battery remains in action all the , 
, and the depolarizer' (if the baltery has one) soon becomes ex- 
ted and the baltery becomes polarized or " nin down." The bell 
fails to ring when ihe button is pushed. If the battery has no 
ilari^er, the process of running down occurs in exactly the same way, 

more rapid. 
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WhcD one bell is operated from one push batton, the ciicnit 
the same as though one push button were removed from I^gure Hi, 
The bctl seivkca 
most houses bpcr 
formed bj xmi 
[S circuits, each d 
which includes 1 
bell, ^, and a poA 
button, ^4 ; but OK 
battery is used n 
common for dl cir- 
cuits. This is B- 
lustrated in Fign 
963, from which it 
may be seen dm ' 
the bell circuits ait 
connected in par- 
allel to the com- 
mon batteiy, C. 

319. Electric Bells. — The mechanism of the ordinary vibrating elec- 
tric bell consists of a stationary electromagnet, E (Figure 263), with a 
vibrating armature, -4, which is fastened at 
one end tu a spring hinge, S, and carries 
at the other end the bell clapper, JI. 
When an electric current is passed through 
the electromagnet of a bell, the armature 
is attracted and moves forward so that the 
clapper strikes the gong. At the same 
time the electric circuit is broken by a 
spring contact, C, at the back of the arma- 
ture, the magnet loses its magnetism, and 
the armature flies back to its original posi- 
tion. When the armature flies back, the 
circuit is again completed at the spring 

contact, C, the armature again flies forward, the clapper again strikes the 
gong, and the whole process is rapidly repeated over and over again ai 



Kic. 261.— Diagram of Hon 



Hold Bell Circuit. 




Fig. 363. — 
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long as the electric circuit is complete at the push button. The back- 
and-forih motion of the armature causes the clapper to strike a succes- 
sion of blows on the gong, and thus causes the ringing of the bell. When 
a bell gels out of order the trouble is usually to be found in the spring 
coniatt which raav be dirty or out of adjustment or the electromagnets 
ina> be short circuited 

Figure 264 IS a diagram of a push button 
the simplicity of which is lo be seen at a 
SUnce 

Sometimes it is not desirable lo have an 
electnc beil ring coniinuouslj while the push 

button IS depressed and in that case ihe spring contact S is omitted 
and the conductmi, wires are connected directly to ihe electromagnet 
Such a bell makes a single stroke for each push of the button and it is 
therefore often called a sLnf,le stroke bell 

Ii IS an interesting fact that Ihe use of electric bells was the first appli- 
cation of electricity to household purposes, and that the principle of the 
electric bell was first made use of by Professor Joseph Henry about 1830. 






QUESTIONS 



ih " tad "itlephone" meiin? 
telephone inv«nletl? My whoml 



38. What do the words " leUgri| 

39. When wBS the first speaking 

40. Describe a Bell lelephone. 

41. Wbat cauies loundl to be heiril in one Bell telephone which are Bimilac 
those spoken lo a secund lelephone properly connected with the first ? 

41. Is a permanent magnet essential to the working of a Bell telephone? 
4J. Why is Ihe Bel! telephone not commonly used as a transmitter? 

44. How may the resiiLance of loose carbon contacts be varied? 

45. What is the principle of the Blake transmitter? 

46. Why Jocj a Bell receiver properly placed in circuit reproduce wotds spok 
into a Blake transmitter? 

47. Who discovered the properties of loose carbon contacts? 

48. What is a microphone? 

49. How does a Blake Iransmittet difler from an ordinary microphone? 
5a Why is a transformer or induction coil used with a carbon tranunittet? 
51. What apparatus is placed In lelephone 
51. Wbat is the purpose uf each pact of tb< 
53. LicscrilJC the circuits of a lelepbone let 
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■r are the drcuiU iwilcht^tl tm lo anil «» Die line? 

. What is « crntral telephone exchange > 

. What U the purptwc ot ■ telcgihonc iwiichboaid? 

, Wh*tmreUie"dtop«" ™» telciiboneHirildibiwn! for? Howdo ihct tral? 

. How t\oes a mDlti^le snitcbbuird irorL? 

. Why uc mclallic circuiU preferable foe telephone «n>rk? 

. WhU is the essential Jtflctente between a long dislanct and a DIakt BJ«- 



. How ma; telephony and telegraphy be canied on ovci 

. How i* an electric bell made? 

. How tlues an electric bell wurk ? 

. When dill Henry make and use the fint electric bdl? 

. Haw are bells coanccted up fur senice? 

. What kioik of niic ire used in bell ciiciuts? 

, Uliy must bell wires be well imulaled? 

. What trouble* ire apt to appeal in bell urcoits? 
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Line Haterial. — A large proportion of the electric light and ' 
er, telegraph and telephone lines in the United States are supported 
Lhe wooden poles which are so common in city streets and along 
mds and highways. Usually these poles are made of white 
HOT chestnut, though In some parts of the country pine, cypress, 
BBinarack, or other woods, are use<1. The poles differ in length 
K^S feet to as cnuch as too feet, and in diameter at the upper 
nom 4 or 5 inches to S or lo inches. The sizes which are 
■ coramonlj used arc from 25 to 60 feet long and from 6 to 
Khes in diameter at the top. These are set in holes dug in the 
and to a depth which depends upon the length of the poles and 
importance of the hues which they carry, but which is approxi- 
xiy equal to one-sixth of the length of each pole. 

wires which are supported by the poles are usu- 

ied fast to glass Insulators, which are screwe<l 

& o^locust Pins (Fig. 265), fastened to pine 

'Anns. The arms are usually 3J x 4^ inches, 

k long as required. Figure j66 shows the gen- 

irangement of a line of 18 wires. The cross 

fit into notches called Gains, which are cut in 

des of the poles, and they are then fastened in 

by means of lag screws or bolts. 
olcs are commonly erected with the cross arms 
Jg each other on alternate pairs of poles (Fig, one-sereiiih site. 
). If they are set in this manner, the arms are 

lely to be pulled off; but when all the arms face in one direc- 

t is possible for all of them to be pulled off, one after another, 
569 



Fig. 365. — Wood 
Pin v-ilh "Pony" 
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on account of the breaking of a pole or of one of ihe arms. Figure i 
shows the top of a pole arranged to carry S" long-distauce lelephg 
wires. The numbers marked on ( 
figure show the dimensions. In i 
figure the cross arras are shown IwM 
with iron braces. These are ordinal 
used when the arms are intended 
carry heavy or particularly imporH 
The braces are quite commoi 
used in cities, but arc omitted in co) 
try telegraph lines. Iron or stee! wii 
are very commonly used for telegraph and telephone lines, but coppi 
wires are used on the most important long-distance lines. 

fOKIMMII rMOMUII qCnOMUlI 




Pir.. 066. — Illustrallan oraShon Por- 
tion o( Pale Line catiying Eigbtecn 
Tolegmph Wlrei. 
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Fig. 167. — View of Pole Line, wilh "6 Pin Cross Arms." from above. 

As a general rule electric light and power lines carry fewer but omA 
heavier wires than telephone or telegraph lines. ITie sizes of the ftites 

depend upon the current transmitted „ K 

over them, their length, and the drop f_l3lJS_S_5 
of pressure which is permitted to occur 
in them. The dimensions are deter- 
mined by methods to be explained.' 
Electric light and power wires are al- 
ways of copper or aluminum of the 
highest obtainable conducti\'ity, and 
they ordinarily vary in size from No. 8 
to No. 0000 B. & S. gauge, or from 
about [ of an inch in diameter to 
nearly J of an inch in diameter. The 
former is the smallest wire of soft cop- 
per which can be depended upon not 
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Fig. a68. — Cross Arms, Pins. i«i 
Insulalon on lioag-daaace Td» 
•forFiflrWina 



1 Article 339. Also Chapter VII. 
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1 mechanical strains caused by its swaying in the wind, 
falling upon it, etc., while the lalter i^ the largest solid 
lich can be conveniently handled ; and if larger conductors are 
icy axe made out of strands of smaller wires. Where a number 
t wires are nin on the same pole line, extra heavy poles 
s are used. 

Wire Insulatioa. — The wires used upon overhead telegraph and 
e not covered with insulation, and the same is true of 
e electric light lines. For instance, the oveihead wires 
t distribute current for incandescent lighting by the ordinary 
system were formerly almost always bare, and the glass bells at 
bis of support were depended on to give a satisfactory insulation. 
t perfectly safe when the pressure is as low as in the ordinary 
rire system, where the pressure between tlie positive and negative 
is seldom higher than i6o volts. When the pressure used on 
!sd lines is higher than 300 volts, it is usual to tise insulated wires 
: the limits of cities and towns. Tlie insulation consists of a con- 
s braided cotton covering of two or three thicknesses, which is 
Ighly soaked with some insulating compound. As the insulation is 
Kd to be partially waterproof, such wire is often called Weather- 
Wine. The insulating compound is almost always black. 
^ weather-proof wire is used for the overhead lines of power 
I which distribute current to motors at a pressure of 500 volts, for 
rerhead lines of alternating current electric light plants, which use 
sure of 1000 or 2000 volts, for the feeders of electric railway plants, 
[ht wires, etc. It has become an almost universal custom in this 
ly to use No. 6 B. & S. gauge weather-proof wires for overhead 
[hi lines. As the arc current seldom exceeds 10 amperes, the toss 
■sure in a No. 6 wire several miles in length is not very great, and 

cotivenient and economical size to use, 
e circuits for electric lighting and power are always complete wire 

(, as the use of the ground for returning large currents is sure to 

difficulties from the uncertain and comparatively large resistance 
Mnd plates, and ^ groumieii electric lighl drcuil always introduces a 
f fire in each house that it enters. For the latter reason fire inaui 
r UnderwriterB refuse to approve the use of a ground ret 
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Wiie which is intended for use on. pole lines is usually furnished in 
^ which may be laid on a hand reel or a reel mounted upon a wagon, 
1 considerable length of wire has been laid on die cross arms, a 
E and tackle is attached to its end and it is stretched up tight. 
tile the wire is held light, it is 
I by linemen to the insulator 
I which it is placed at each 
i arm. The lie is 
! of wire like that 
but it is often i 
lUer in si^e. The line i 

1 the groove of an in- 
jhtor, and one end of the tie 

i twisted tightly around it close to the insulator. The tie wire is 
U carried around the groove in the insulator, and its other end is 
■ted tightly around the line wire close to the insulator. The appear- 
e of the line wire and loop of tie wire with the insulator removed, 
^ shown in Figure 271. 

, Wire Joints.— Wire is furnished from the wire mills in coils 
ich contain lengths varying from a few hundred feet to a half mile 
or more. A great many joints are 
therefore necessary in a. long line. 
The commonest form' of joint used 
in this country is that known as the 
Western Union or twist joint, which 
ionJolDts"jn Small and Medtum-sin: is shown in Figure 272. The figure 
ws the way a twist joint appears 
i and also when made of small 



^mffifflDt 



n made of iron wire of mediu 



In electric light and power lines these joints are always soldered, in 
order that their electrical conductivity may be as great as possible, and 
that the wires at the joint may not be corroded by the effect of gases 
which are in the air. The soldering is done by dipping the twisted joint 
into a pot of melted sokler. or, if the wire is large, by pouring solder on 
the joint from a ladle. Many specially arranged "sleeve" joints are 
also used. Here the wires are slipped from opposite directions into the 
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Fig. 173. — Illustration ot the Effecl of Poor Insulation. 



sleeve, and the sleeve with the wires is thoroughly twisted, or the endKifl 

the wire are pushed beyond the ends of the sleeve and are turned op U I 

avoid their pulling out, and the whole joint may then be filled with nUe. I 
325. InanUtors. — The insulation of all kinds of electric tines it 1 

matter of much importance. The effect of poor insulation is iUustntcd I 
in Figure 373, where A I 
and B are two tel^nfih 
stations coimected by t 
wire strung upon the pda 
marked P, P, P, P. T\x 
electrical circuit throi^ 
the stations is completed 
by a ground return througb 
the ground plates marked 

G, G. All the battery is supposed to be located at station A. If 

the wire is not well insulated at each point where it is supported at 

the poles, an appreciable portion of the current leaks out of the 

line into the earth without having passed through the distant station. 

Each jtoint of leakage gives a branch circuit ; and if the line is long, so 

that m:iny such branch circuits are in parallel, the 

total leakage may be so great that sufficient current 

does not reach station B to work its relay when 

signals are made by means of the key at station A. 

The actual proportion of the current which escapes 

by leakage depends upon ihe ratio which the line 

resistance bears to the combined resistance of all 

the leakage paths taken in parallel.' Where a 

Metallic Circuit (that is, where wires are used for 

both outgoing and return conductors) is used, the 

leakage paths reach from one wire to the other 

instead of from one conductor to the earth. 

To make the resistance of Ihe leakage paths as 

great as possible, the insulators to which the line 

and wire are attached at the poles are commonly made of glass in the 

form of bells (Fig. 274), which may be screwed on the wooden pins in 

I Anicle 103. 




Fig. ^74. — uiass Tri- 
fgiaph InsulafH. 
About one-third 
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t cross arras. These insulators are made in various slightly differeni 
ms and sizes. That shown in Figure 274 is suitable for small wires 
fi as are used in telegraphy and telephony. That shown in Figure 
s suitable for the larger wires used in electric light lines. 
\ Glass is an excellent insulator when it is dry,' but in damp weather its 
e becomes covered with a thin layer or film of water. This film of 
^ter makes a path through which, at every insu- 
a small portion of current may leak from the 
e to the wooden supporting pin, and thence over 
e damp wood of the cross arm and pole to the 
md, or to some other wire. Water is a com- 
tatively poor conductor, and the quantity of cur- 
jnt which escapes at each insulator is very small, 
(at the total loss at all the insulators, on a line 
reral hundred miles long, may be a very serious 
As the leakage at each insulator is along 
s film of water which covers the surface of the 
, the efTective insulation is increased by in- 
ssing the length of the path over which the 
rent must pass on the insulator's surface. This i: 
»nd "petticoat" or bell to the glass, as shown in Figure 175. 

Rubber hook insulators (Fig. 276) which may be 
screwed into the bottoms of cross arras or in other 
similar positions are sometimes used for special work. 
In Europe, porcelain bell insulators which are quite 
similar in shape to the American glass insulators, arc 
used. The dense white porcelain of which these in- 
sulators are made is in some respects belter than glass 
for the purpose, but it is more expensive. Large por- 
celain insulators are also being used in this country 
Hock insulHior. for some of the lines over which power is transmitted 
About onofifih Ijj, jj^g electric current at high pressures. Sometimes 

these have triple petticoats. 
Where telegraph or telephone lines run inside of buildings, it is usual 
to use copper wire of a small size which is insulated by a braided or 



- Glass lusu- 
wilh DoutilB 



1 done by adding a 
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Fig. 277. — Oak 
Bracket with 
Screw Thread 
for Glass In- 
sulator. 




wrapped covering of cotton thread thoroughly soaked with paiafiKf 
and rubber insulated wire is used for electric lighting and power 

when they run inside of buildingi. Where aogle 
need support, as in passing from the poles to a buildiB^ 
it is usual to use an oak bracket (Fig. 277) with a f^ 
insulator, or a porcelain knob (Fig. 278) fiEutened t 
some convenient point 

386. Underground Wires. — In large dties, electric 
conductors are often put underground, and in tome 
places they are run over housetops. When electric 
wires are placed underground, they must be continnonil^ 
insulated by some material which is sufficiently fleribk 
to permit the wires to be easily handled. For 
and lighting wires this insulation often 
thickness of a vulcanized rubber compound 
been placed, on the wire under hydraulic 
the covering for some cables is made by closely w r a p p ing 
the conductor with strips of paper which have been 
soaked in an insulating compound so as to make it 
quite soft and flexible. The thickness of this paper 
wrapping is made about the same as that of rubber insulation, and over 
It is put a lead sheathing which is similar to the sheathing of rubber 
insulated cables. A third style of insulation con- 
sists of a thick braiding or wrapping made up of 
several layers of cotton or jute which is soaked in 
an insulating compound quite similar to that used 
for weather-proof wires. This is also covered with 
a lead sheathing. The latter cables are often said 
to have fibrous insulations on account of the char- 
acter of the materials used. As fibrous material 
will rapidly absorb moisture and its insulating quali- 
ties are then ruined, it is necessary that the lead 
sheathing shall contain no holes, however small, 
and the ends of the cables must be carefully protected from moisture. 
The protection of rubber insulation is not so important, but moisture may 
even here have a serious effect, and the most careful handling of the 
cables is advisable. 




Fig. 378. — Poroeliia 
Knob Insulator. 




Flc a8i, — lllusimiion o( Si»iy-ci 

lor Telegraph Cable, wilh Condu(>- | 
Ion expoied to View by stripping I 
,,. off the Lead and Braiding al ouft 

r pulling End. Reduced siK. 

a lead 

lound the conductors by squeezing melted 
of a hydraulic press. The end of a tde- 
a8i. 

1 Article 19a. 



ELECTRICITY AND MAGNETISM 



-UnJergToiincI cables are not osnillyl 
llie ground, but .ire placed io what are known u 
„ Electric Conduita. These consist of pipes ot ' 
Ducts made of iron, terra cotla or vitrified chy, 
cement, wood, and sometimes other maierials> 
The ducts arc sometimes laid singly, but ihej 
are usually laid in sets surrounded by concrcW, 
as shown in Figure 282, which is an end vicv 
of a conduit containing twelve ducts- 
duels are commonly circular in cross section 
and three or four inches in diameter, ihougli 
duels of rectangular cross sections and of other 
dimensions are often used. 
In order that cables may be placed in the conduits, arrangements for 

getting at the ducts must be made. This is done by building cabit 

Manholes at intervals along the con- 
duit. These are usually brick vaults, 

six or seven feet deep and several 

feet in diameter, which are covered 

at the street surface by cast iron 

covers. Sections of the conduit 

terminate on opposite sides of the 

manholes, as shown in Figure 283. 

The manholes are placed at inter- 
vals of about three hundred feet in 

straight parts of a conduit and also 

at turns. 

When a conduit with its manholes ' . ^^ , , _i , _ 

is completed, the cables are drawn j j--:£C/^ ^. 

into the ducts, one section at a time. i-"'<=- ^3- - ^a'^e Cable Manhole, »\ 

The sections of each cable must be 

jointed together in the manholes. 

To do this, the conductors are first jointed in the usual manner, « 

already described,' and their joints are separately insulated. Final!}'.* 

short piece of lead pipe is placed over the bunch of joints «irf * 
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■oldeied at both ends to the lead covering by a plunsber's "wiped 
joiat" This makes ihe joint moisture proof if the work is property 
done. Making cable joints requires the greatest care to avoid the 
entrance of moisture into the cable, and it is always necessary to 
li^ndlc open cable ends with extreme caution. The ends should 
ain-ays remain sealed except when work is to be done on them, 

When a cable is to be pulled into a duct, a strong rope must first be 
p,i-sed through the duct so that it may be used in drawing through the 
L.ible. Several plans are in use for gelling die lope throiigh. A light 
riJKner which nearly fills the end of the duct may be attnched to a cord, 
and the runner, with ihe cord trailing after it, may be sucked or blown 
Lhro\igh Ihe duct by a mechanical blower. The cord may then serve to 
■ ".V the rope after if. But the commonest plan for gelting the rope 
.'!gh a duct is called " rodding " the duct. A large number of rods 

nic of hickory, bamboo, or the like, about a yard long, are provided 
with metal ferrules and couplings at each end. One of these rods is 
slipped into one end of a duct by a man standing in a manhole 
and another rod is then coupled to the end of the firsL The second 
rod is then pushed into the duct (while it pushes ihe first before it), 
and a third rod is coupled to the end of the second. This process is 
continued until the first rod is pushed through the duct into the next 
manhole. A rope is then attached to the end rod, the rods are with- 
drawn (while they are uncoupled, one by one), and the rope is drawn 
into the duct after the rods. When the last rod is withdrawn, the rope 
lies extended from end to end of the duct and may be used to draw in 
a cable. 

A " leadiiig-in wire " may be put in the ducts when they are laid, and 
and it may then be used to draw in the rope ; but this is not usually 
considered desirable or convenient. 

A second method of laying underground conductors for the distribu- 
tion of electric current is often called the jo/rrf or buUt-iit system, 
because the insulated conductors with their protecting conduit are laid 
in the ground together. In this case, if any harm comes to either the 
conductor or its insulation, the street must be dug up at the place o( 
" trouble " before repairs can be made, ami for this reason new plants 
do not often now install such systems. With the " drawing-in " system. 
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lepain msjr be made by simply pulling out that lection of cable 
two manholes which cODtaios the injury, and reidacing it with a 
of good cable. 

The " built-in " system has been used for low pressure 
of electric current, and for this purpose gives excellent «ati»&clii«i 
Nearly all the great electric illuminating companies in our large 
which use the three-wire system have older conductors laid in this 
ner. For high pressure distribution, the " built-in " system of under- 
ground conductors is not as satisfactory as the " drawing-in " system. 

The most commonly used arrangement of the " built-in " system u thit 
known as " Edison tubing." This was introduced nearly a score of yEsa 
ago, and was used in its original form in the laying of the cooductoa 
connected with the old Pearl Street Central Station in New York Cilj, 
the tint great central station for the general distribution of the cleoiic 
current. Edison tubing was the earliest, and for many years the od; 
scheme, in which the details of a general underground system Sat dis- 
tributing electric current were satisfactorily worked out. 

On account of the experience gained in laying the conductors for the 
various large Edison electric illuminating companies, the system of tub- 
ing has been considerably changed since its first introduction. As the 
tubes are now made, they usually contain three copper rods — the poa- 
tive, negative, and neutral conductors of the three-wire system. These 
rods, which are somewhat over twenty feet long, are each wound with* 
spiral of manila rope, and are then laid side by side 
but separated from each other by the ropes. An- 
other spiral of rope is wound around the bunch to 
hold Che conductor firmly together. The bondi 
of three conductors is placed in an iron pipe tventf 
feet long, in such a way that the copper rods stiii 
out a few inches at each end. One end of the jift 
r tube is then connected to a pump by mean of 
which a vacuum is created in the tube, and, fina!^, 
hot, black insulating compound is pumped into ti>e 
tube until all the open space inside of it is filled. 
The insulating compound is of a bituminous nature and hardens when it 
is permitted to cool. Figure 284 shows a cross section of a *'tuhe"ia 
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VicwofEdiiKinTube 
with Three Equal 
Conduclon. 
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•rhich /*, A, A are the copper conductors, C is the iron pipe, and 
-he insulating compound. Figure 285 shows a length of the completed 
;ubmg, showing the form ia which it is delivered from the factory to be 
.aid in the ground. For the purpose of laying the tubes, a trench is 
i«g, and the twenty-feet lengths are laid down end to end. The 



dnctors in successive tubes are joined by means of flexible copper con- 
nectors (Fig. 286) having solid copper heads with holes which slip over 
■toe enda of the rods where they are soldered fast. Ball-like caps are 
^kcd last to the tube ends, and over these is bolted a split coupling box 
which covers the joint. In the top of this coupling box is a hole 
through which hot insulating com- 

I'Viind may be poured when the 

iijni is completed, and the hole 

is then covered with an iron cap. 
The arrangement here described 

is very satisfactory, since it offers 

an electric company the same case 

as a gas company or a water com- 
pany in making connections to 

houses. A branch to a house, 

"lay be connected to the main 

simply changing the plain box to 

Wto the house. With " drawn-ii 

"^an easily be obtained only a 

^bution cannot be so conveniently made. 

Several different arrangements of "built-in" conductors have been 
ised in England, France, and Germany. One of these consists of a 
■imple brick, concrete, or cast-iron trench, or culvert, in which the 
^pper rods or bars used for conductors are placed on porcelain insula- 
Drs. One of the most remarkable arrangements of the " buill-in " 
ystem is that constructed some years ago in London to conduct electric 
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3r Service Consection, as it is called, 
conductors at any coupling box by 
a T-shaped box and running a branch 
1 " systems, access to the conductors 
t the manholes, and house-to-house dis- 
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distributing system. In order that tiie dynamo men may reg- 
pressuie of the dynamos in the ccaital slatioa so as to keep the 
niform at the feeding points, it is necessaiy to have voltmetcn, 
indicatois, in the dynamo room, which show the pressure at 
llg points. For thb purpose wires called Presattre Wires are run 
leediog points to the voltmeters in the dynamo room. A some- 
network of pipes is sometimes used in the distribution of 
later in large cities, 

kn«rininatioii of Wire Sizes. — The sizes of the wire used io 
gbt and power systems are usually determined with a view 10 
an excessive Drop in pressure, caused by the current which 
it,' with its corresponding loss of energj' in the conductors. 
fixe is ordinarily used, and the resistance of a commercial wire 
t a cross section of one circular mi! and a length of one foot 
mil-foot) is about 10.5 ohms at ordinary temperatures.* 
Itatue of any copper wire is, there/are, equal to lo.s times its 
feet £vided by its cross section in circular mils, since the resbt- 
conductors are proportional directly to their lengths and 
to their cross sections.* 
tmula which is easy to letnember, the statement in italics may 



I drop in pressure in a line of resisunce R, when cunent C 
igb it, is* 

m, 

1 it is at once to be seen that 

c.M.=i2JJiAJL£. 



* Article 100. »Arfldeio 

wires for electric ligbling ocasly alwayi li«»e it 
la circalar mill. * Anlcle 99 
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■I fanmb shows that the wire mhich cmtrnt AeevrrtMlfh 
b iM^ *#- mtftrn must have the numier o/ CiretUar Mill fffl 
iLtm »*fc-* it efita/ to /Ae specific retistance (for copper lof 
4 Ltnelk ef wnrt injeet multipUed by the amperes of Cm 
t ty Ae Volts lost in the line. 

ish lo know how large a copper wi 
t JO smperes over a wire 500 feet long with 1 1 
fe igeaaut. Patting 50 in place of C, 500 io place of A J 

^ u> 10.5 X 500 X 50 

CJr. = — ^ — ^ 5_ = 36,350. 

iog 4 cross secttOD of 16,350 circubr mils 
mc is uacd. tb«Te will be less than 10 volts lo;t in lltt^ 
Dbt wire ts nsej. the luss will be greater. RefeniagW 
> the neu article, it will be found that a No. 6 
i & fuigc ie oi Tciy nearly the size required. 
» desind 10 sup|Jy current to an electric arc IwT 
and itttuRS a pressure of 100 volts for its open- 
ly M MOO feet from the electric geoerating 1^ 
t Ite In^fa of wire for the complete circuit nl 
» aifpo a e that the generating apparatus will supply 
; thtn in ovdcr to hare 100 volts at the Ump &«i 
fe btt itt the line. Using the formub as before, x 

KKXXJOOOXS^, 

5 

.t TR tbe fast example is quite analogoas to A 
k lb .Wkfe lOJ. Figure 46, where there is on); 
»-_>*are II -fii.- '.ir^e connecting tank and mMtaJ 
I 1 the case we are considt 
! the electric arc and the n 
-f it being used in sendinyi| 

- '..i Iwen connected in piralkll 
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nds of the wire, there wouliJ have been »5 amperes to transmit, 
is much as if there were five equal water-wheels taking water from 
lam. All the wheels together would take five times as much cur- 
is one wheel, and each would utilize the full water pressure of the 
as is descrii)ed in the illustration in Article 259. 
). Properties of Copper Wire. — The following table gives useful 
relating to the dimensions and properties of copper wire. The 
:olumn gives the numbers by which different sizes of wire are 
lated in the B. & S. gauge, which is the gauge most largely used 
i country. The second column gives the diameters of the respec- 
rires. The third column gives the circular mils' in each cross see- 
the fourth, the weights of bare copper wire per thousand feet. 
;he fif^h and sixth columns give the resistances of a thousand feet 
ch size of copper wire at the temperatures of 60° and 75' Fahrcn- 
respectively. 



¥ CoppEK Wire which is Drawn to thx Brown Ann Shakt | 
(B. 4 S.) Gauge 



LCTERISTICS 



5. 


DlAXITTIK 
1MM.L8 


CiKtriAi Mils 


W«G»r n» 

lam Fur 


Rdistahck rn 


<n>FT.,OlOl»U 


" 


(«^F. 


7fr- 




460 


JII.600 


641 


.048 II 


M^9 « 




410 


168,100 


509 


.060 56 


^6251 




36s 


i33.«S 


403 


.076 41 


.07887 




3J5 


105,625 


Z20 


.096 39 


.099 48 




289 


83.5^i 


^53 


.121 9 


.1258 




as8 


66,564 


103 


.15a 9 


■'57 9 




229 


5 '-44" 


■59 


.'94 1 


.3004 




204 


41,616 


126 


.2446 


•252 5 




1S2 


33. '14 


100 


.3or4 


■317 2 




162 


26,244 


79 


-387 9 


^00 4 




'44 


20,736 


63 


■491 


.5057 




12S 


"6.384 


50 


.6x1 4 


.641 3 


9 


114 


12.996 


39 


■7834 


.808 s 


to 


lOI 


10,404 


32 


.978 5 


I.OI 


Ik 


9< 


8.1S1 


H 


1.229 


1.169 
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CHARAcnsisncs or Cqppek Wns which is Dbawn io tbs Biowit aud 8ui 

^(a & S.) Gauge {Cmtimtud) 



B.ftS. 


DlAMKTSK 

Of Mils 


ASKAS l« 

CkKULAK Mils 


WBGHrns 

MOO FkBT 


HtmmnMKMWut 


nooFr.,niOH 


Gaugb 


6cPr. 


Tfr 


12 


81 


6,561 


JO 


1.552 


tJSoi 


13 


72 


5.'84 


'5-7 


1.964 


ijorj 


14 


64 


4«6 


124 


2485 


2.56$ 


«5 


57 


3.249 


9^ 


3.133 


3434 


16 


5« 


2,601 


7-9 


3.914 


404 


17 


45 


2,025 


6.1 


^ 5/>28 


5.* 


18 


40 


iy6oo 


4^ 


6.363 


6.567 


«9 


36 


1.296 


3-9 


7.855 


8.108 


20 


32 


1.024 


3-1 


9.94a 


10.26 


21 


28.5 


812.3 


2.5 


12.53 


12.94 


22 


25.3 


640.1 


1.9 


'5.9 


1641 


23 


22,6 


510.8 


1.5 


19.93 


20.57 


24 


20.1 


404 


1.2 


25.2 


26.01 


25 


17-9 


3204 


.97 


31.77 


32.79 


26 


«5-9 


252.8 


•77 


40.27 


41.56 


27 


14.2 


201.6 


.61 


5049 


52.11 


28 


12.6 


158.8 


48 


64.13 


66118 


29 


".3 


127.7 


.39 


79.73 


82.29 


30 


10.0 


100 


.3 


101.8 


105.1 


31 


8.9 


79.2 


.24 


128.5 


132.7 


32 


8 


64 


.19 


159.1 


164.2 


33 


7-1 


504 


•15 


202 


2084 


34 


6.3 


39.7 


.12 


256.5 


264-7 


35 


5.6 


3M 


.095 


324.6 


335.« 


36 


5 


25 


.076 


407.2 


420.3 



An inspection of this table shows that with every tabular difference 
three " numbers " in the sizes of the wires there exists a ratio of nea 
2 to I in the areas of the wires. Thus the cross section of No. 18 1 
an area of 1600* circular mils, while No. 15 has an area of 3249 cira: 
mils, and No. 21 has an area of 812.3 circular mils. Again, the a 
section of No. o has an area of 105,625 circular mils, while No. oi 
has an area of 211,600 circular mils, and No. 3 has an area of 52,4 
circular mils. 
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rmingham or Stubs wire gauge (B. W. G.) is sometiines used to 

copper wire, and quite comuoonly used to designate iron wire. 

leters of wires drawn to this gauge are given in the following 



DiAMKTKK 


Number 


DlAMBTEX 


NuMBUt 


DiAMKTBS 


NOMBKS 




IN Mils 




IN Mils 




IN Mils 




IN Mils 


454 


7 


180 


17 


58 


27 


16 


425 


8 


165 


18 


49 


28 


14 


380 


9 


148 


19 


42 


29 


13 


340 


10 


134 


20 


35 


y> 


12 


300 


II 


120 


21 


32 


31 


10 


284 


12 


109 


22 


28 


32 


9 


259 


13 


95 


23 


25 


33 


8 


238 


14 


83 


24 


22 


34 


7 


220 


15 


72 


25 


20 


35 


5 


203 


16 


65 


26 


1% 


36 


4 



be noticed that the diameters given in this table through a 
•ange (/rom No, § to No, ij) do not greatly differ from the- 
s of the wires in the B. & S. table through a similar range, 
^ns at No, 3 and ends at No, IJ, 

rhe Electrical Distrilmtion of Power. — The volts " drop " * in a 
iion wire is fixed by the pressure at the dynamo or battery, and 
entage of that pressure which may be reasonably sacrificed in 
imission. For instance, if the pressure at the dynamo is 125 
1 it is considered reasonable to allow a loss of pressure equal to 
ent of this, then the " drop " of pressure is 12.5 volts, 
not been found commercially possible to produce incandescent 
T a higher pressure than about 115 volts until recently, and, 
;ntly, nearly all incandescent lighting with continuous currents 
X a pressure between 100 volts and 115 volts, and each sixteen- 
ower lamp takes about one-half an ampere of current. If by 
eans the pressure at the lamps could be doubled without any 
n the amount of light given out for each hundred watts, then 

^Article 599. 
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QUESTIONS 

. Wbtt wood ii ordmarlly used fur electric poles ? For cross arms ? For pios 

. Why are cross arms set in pain facing each ulhcr ? 

. Hew ibould a pule line be guyed or braced P 

. What is ihe smallest size of copper wire that should be used on a pole line ? 

, What tiie of wire is used in arc circuits ? 

. Do overhead Ickgrapb and lelephoDe wires ordinarily have an 

, Why arc electric light ciicuita not grounded ? 
8. How is a pole tine erected ? 
ire wire joints made ? 
i to. What happens if the ituulation uf a telegraph line is poor 7 

, Should electric li^^ht lines be well insulated ? 
1 13. What is weather-proof wire ? 

■ t}. What kind of insulatitig supports arc used for supporting overhead telephone 
i telegraph wires ? For light and power wires ? 

■,14. Why are lead coverings put on uiidctground cables ? 

. What are electric conduits ? Manholes } 

Wt6. Hon arc light and power cables insulated ? 

. Why is crinkled paper used in insulating the wires of telephone cablet? 

■ SS. Compare telegraph, telephone, and power cables. 
PI9. How ate lead-covered cable joints made ? 

. What are " built-in " underground systems ? 
I SI. Describe the Edison " built-in " system. 
^«3. What are feeders P What are mains ? 

, Why are the conductors of a constant pressure lighting sysleiD divided into 

tt and mains ? 

V<V4. What is the forraula for calculating the sizes of wires ? How is it obtained? 
ftS" W^il '» "ic cross section (in circular mils) of a No. 0000 wire drawn to the 

d S. gauge ? Of a No. 11 wire ? 
I 36, What is meant by " volts drop " P 

I How is the " volts drop " in a wire determined ? 

. How much larger a wire is rciiuired to supply current to a group of loo-volt 
huDpt than to supply it, with the same loss of pressure, to a group of zoo-volt lamps 
which absorbs the same amount of power ? 

ag. For transmitting a given amount of power, how does the cross section of the 
wire* depend upon the pressure ? 

30. For tranimitling a given amount of power at s (ixed pressure, bow dues the 
CTO» section of the mres depend on the distance of transmission ? 

31. How dor* the weight of ounduclors depend on the pressure when the "drop " 
is a filed percentage of the pressure ? How does the weight depend on the distance 
of tianiinissioa when the pressure is tixed ? 
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sie of wire tbe <&taoce 

taken vooid be from the 

dyiuma to AA, tbe most centnl point in tbe gionp of 

dbtribniioo b more complex, as in F^ure 290, 
o^ sajr, 10 
allowed bomdyi 
the main line c 
be calcuUtcd & 
to AA (the c 
__^ which the brand 
I Ica^-e the fi 
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Fig. 350.— Diag™ 



f Ptr- in Fiji 
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AA in the figure is coUed the Ceatit of DiBtribntioa of li 
ccrtiduclors. 
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I S33. Multiple Series Systems. — It is very easy to make the pressure 

^te high in circuits which are arranged to transmit power from a cen- 

ll station to electric motors alone, and thus keep the weight of the wires 

pjoired wiihin a reasonable limit, since the electric motors may have 

ir windings designed for any reasonable pressure. Five hundred volts 

Wthe pressure quite commonly used for direct current circuits which are 

^y intended to supply current 

b stationary motors and street-car 

Incandescent lamps may 

on such circuits, but it is 

iceisaty to use them in sets of 

! loo-voli lamps connected in 

s (Fig. 291). 

pmeni which is used for light- 
t electric cars. For general pur- 
t, such an arrangement is not 
I an satisfactory, because all the 

Is of each set must either burn or be extinguished. It is not pos- 
We to have only one or two lamps of a set bum at once. Systems 
■ this class are called Multiple Series Systems. 

. Three-wire Syatem. — Two loo-volt lamps put in series on a 
100-voii circuit are more satisfactory to use than five lamps in a set, but 
tven such an arrangement is not suitable for general service. But the 
Three-wire System effects nearly as much saving in copper 
ibout by doubling the pressure through arranging the lamps ii 
twcyand yet the individual lamps of the three-wire system a 
independent. A diagram of the arrangement of the three-H 
isihown in Figure 292. A and 5 are two dynar 
nal of the first is connected t 
nal of the first is connected t< 
the negative terminal of the . 
A third wire called the Neutral Wire is connected at a point between the 
two dynamos and runs out along the line with the positive and negative 
wires. Some of the electric lamps are connected in parallel between the 
positive and neutral wires, and the others are connected in parallel be- 
tween the negative and neutral wires, the lamps being arranged so that 



Fjo. agi. — Diasrammslic 

1 Multiple Serin Arrangtment of 
Electric Lamp) in which SeU of Five 
^mpi in Scries arc concecled ia 



s is brought 
in series of 
: entirely 
e system 
; the positive termi- 
o the positive line wire, the negative tenni- 
3 the positive terminal of the second, and 
:cond is connected to the negative line wire. 
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certain pressure at the individual lamps amoimts to a litde more IIh 
one-fourth of the weight required for a two-wire sjrstem with the mA 
pressure at the lamps. Since the pressure from positive to nqptiK 
wire in the three-wire system is twice that of the two-wire sjMk 
one might suppose that only one-quarter as great a weight of imm. 
would be necessary in the three-wire system for the distributioa «£. 
current for a given number of lamps; but this is not true, becanse A 
the introduction of the neutral wire which adds to the total we^Ht 
of wire required by the three-wire system. The actual weight reqoireA 
in the three-wire system is about three-eighths of that in a two-wiiel 
system. This saving in the weight of copper is a very importaitl 
factor to large electric lighting companies, as their copper feeders andl 
mains cost a great deal of money. 1 

The saving effected by the five-wire system is proportionally greater I 
than that brought about by the three-wire system, but it causes greater I 
difficulty in keeping the pressure perfectly constant at the lamps. 

337. The Alternating Current SyBtaxL — The systems of distribatioD 
heretofore described are suitable for both direct and alternating currents. 
The possibility of transforming the pressure of alternating currents, how- 
ever, permits the use of a high pressure on the transmission lines with- 
out increasing the pressure on the lamp circuits. Figure 297 represents 
such a system where the feeders carry from 1000 to 2000 volts press- 
ure and the supply circuits are connected through transformers A, 
B, C, which reduce the pressure to an amount which is suitable for 
lamps or motors, and which renders the conductors safe to handle. 
The transformer B has its secondary connected so that it can be used 
on a three-wire system. Distributing systems for pol3rphase currents 
are similar in essential features of construction to the single-phase con- 
struction, except that three or four wires must be used and two or three 
transformers must be erected at each point of transformation.^ 

338. High-pressure Long-distance Transmissions. — The*last articles 
refer especially to the distribution of electrical energy over limited areas 
such as the regions of electrical supply in individual towns. Within 
recent years it has been found possible to very greatly increase the 
distance of transmission by increasing the pressure, so that now many 

^ This is described more fully in Article 246^ 



EtECTRlCAL DISTRIBUTION OF POWER 



395 



Itits sre operating which ttansmit power over distances up to eighty or 
ore miles at pressures ranging from 10,000 to 60,000 volts. Recently, 
plants have been planned to transmit power at even higher pressures. 
There is every reason to suppose that both the pressure and distance will 
be still further increased during the next decade. 

Much trouble has been experienced in properly insulating the lines 
which are subjected to such high voltages. If the insulators become 
faulty, leakage of the current is apt to result, which chars and injures 
the wooden pins, cross arms, and poles, as well as causes trouble at the 




Pia.S97. — Diagram malic Tllustralior 
Prusure is dlsiritiuied from the ( 
Centres of Use. The dots represent iacanilescent lamps. 

generating station, due to short circuits. A large triple petticoat insu- 
lator of porcelain which is used on many transmission lines, including 
the one which reaches from Niagara Falls to Buffalo, is illustrated in 
'Figure 398. Insulators of this character are sometimes made as large as 
ten inches across. The conductor is laid in the groove at the top of 
the insulator and tied in position by a tie wire twisted around the neck 
of the insulator. 

Another difficulty that is encountered in the very high-pressure trans- 
1 is the prevention of loss due to static discharges which extend 
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im conductor to conductor through ihe air. The loss from thii 

may be considerable unless (he wires are several feet a] 
It as yet been overcome. Insulating the wires with a conii 

ing is of comparatively 
service and, in fact, the 
ductor^ of such lines are 
ally bare 

The currents for long-d»-'' 
tance transmission of poi 
bv elettncityare usualK geii-i 
erated at ordinary pressure^ 
and the high transmisaoo 
J. ressures are obtained b] 
means of step up trans- 
formers at the power house 
which increase the pressurt 
of the generator to thai rt- 
quired for the 1 ne This is 
again re:!uccd in sub-sts 
■tions or transformer houses at points where the energy is to be used. 
distnbution from the sub station lo the users is similar to that 
|4escribed m the last article Three phase systems are ordmarily used 
work of this class though the three phase current ib often transfbrmed 
ito two phase at the receiving enl by proper transformer combinations. 
With increasing know ledge gamed by experience ^nd scientific disco* 
cry It will become possible to increase the press ire to higher and higher 
values and thus it will become more and more economical to transmit 
power from natural witer power sources coal mines and gas countnes 
by electrical means to very widely situated centres This development 
points out a road which apparently leads to wonderfiil applications of 
electrical power. 

339. Fire Underwriters' Knles. — The importance of nsing the utmost 
care in laying out and putting in place the electric light wires which go 
into houses is reasonably well recognized. It now comes lo an explana- 
tion of the more important rules for this work which have been issued by 
various associations of fire insurance companies or underwriters. These 



^ Fia ^ - Porceitt n Insulalor for Use wilh H gh- 
prassure Lircu Is lor he Eleclncal Tiansm s- 
in of Power over Long Disunces 
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hsfoc rules for cairying on dectrictl wiring, and in the lar;ge 
rise ot inspect the work in order thai danger from fire nujr 
dnced into buildings insored bjr them. Many of the chances 
which exist in electric plants are caused through carelessness 
tnowlcdge on the pan of inexperienced wiremen who may 
d on account of the false economy of the owner of the plant. 
I work, the cheapest is by no means al»-ays the best ; but it 
cult to make this fact apparent to the owner of a building 
ly for expensive n-iring, and a carefully enforced set of rules 
ng is the best safeguard which the owners of buildings and 
nters have against dangers caused by careless workmen and 
anship. 

ring points require to be speciaDy looked after : — 
the general workmanship is good, and especially that joints 
Ts (which should be as few as possible) are well made and 
d. 

'he conductors have ample cross section, 
he insulating material on the conductors is of the very best, 
I insulation resistance of the completed wiring is high. 
\hseluteiy iw portion of the eiectric circuit touches any part of 
but is separated at every point by porcelain cleats, knobs, 
by conduit and moulding. 

le insulation resistance of the wiring is tested from year to 
tain whether or not it is dc I erio rating. 
U constant pressure circuits are properly prolected by safety 

ion resistance is meant the resistance as measured from 
( conductors of the plant to the ground, or from one con- 
other. Practical methods for making insulation tests will be 
the next chapter. The actual resistance of the insulation 
5 in any particular building always depends upon the length 
>erof lamps, and character of the fixtures used in the instal- 
t, for instance, if wire is used which has an insulation resisl- 
o megohms per mile, and ten miles are used, the total 
liatance of the wire caoiiot be expected to be more than 
i«j while if only t*A'6r'<hr^j" miles of wire are used, the 
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ally open the circuit by means of a spring and trigger actuated 
tromagnet when the current exceeds a proper value. 
jtfe Carrying Capacity of Wires. — In general, tlie size of a fuse 
ipon the siic of the smallest conductor it protects, and not 
imount of current to be used in the circuit. Below is a table 
le safe carrying capacity of copper conductors of different sizes 
gauge, as given in the generally accepted rules issued by the 
loard of Fire Underwriters : — 


1 S. Gu(c 


CuBttirre IN AuFEEU which it k S*r« fqh Ihibuoi 1 

«„„„„■„„„,„„„ 1 


Rubbtt covered 
(Open work or conceslcd) 


WEUhei-prooT iniutitioa 
(Open woik) 


BOOO 

000 

10 

16 

IS 


•77 
150 
..7 
107 
90 
76 

6S 
54 
46 
33 
*4 
»7 

6 

3 


3" 

220 
.85 
156 
'31 

92 
77 
65 
46 
3* 
'3 
t6 
8 
S 


fc carrying capacities of insulated aluminum wires are 84 per 
fe capacities for copper wires which are given in this table. 
pen work " in this table is meant construction which admits of 
of the surface of the insulating covering of the wire being sur- 
)y/«reair. The carrying capacities of Nos. 16 and iSwireare 

i no wire smaller than No. 14 is to be used, except for the 
metal fixtures which support incandescent lamps undei 

hditioQs. 
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S42. Vctkoil Cote of Solat.— Untfl widiin die hit fiew TO^L 
tmifonnity existed in the rales which were in fixce in different pn^^L 
the coundrjfy bat the associations of the onderwriten located in viilH^ 
cities or districts made their own rales. This lesolted in nrach omHc 
ance, and did not tend to produce the best workmanship ; and it iK^ 
foond to be of advantage to formalate a satisfiurtory set of rales fargSf 
end adoption, which was done by a committee of the onderwriten nxK 
ing in harmony with variocis societies of electrical engineers and dechW 
light experts. V 

The set of rules thus approved is called the National Electrical CodA_ 
Printed copies of the Code can be obtained from the local inspecton|<)H 
from the secretary of the National Board of Underwriters in Chicago. T 

The approved rales divide electric light and power circuits into na 

1. The circuits inside of central stations and the dynamo rooms of W 
isolated plants. 1 

2. Constant current circuits, usually constracted for the purpose of I 
operating arc lamps or other devices in series. I 

3. High- pressure circuits^ which are usually alternating current lines. I 

4. Low-pressure circuits, which include all low-pressure inside wiring I 
and some outside lines. (Low-pressure circuits are taken to include all I 
circuits, except grounded electric railway circuits, on which the pressure I 
does not exceed 550 volts.) I 

5. Grounded electric railway circuRs. 

6. Extra high pressure circuits. (These include all circuits of over 
3500 volts pressure.) 

For each of these classes of circuits, special rales are directed toward 
the perfect safety of the systems which especially emphasize the very 
essential points referred to above. Every rale has a good reason for its 
existence, and experience has shown its propriety. Circuits of the fifth 
and sixth classes are refused admission to any buildings for the purpose 
of furaishing electric light and power except in the power houses, sub- 
stations, and car baras of the electric companies. 

The only classes of wiring with which the underwriters' rales do not 
deal directly are connected with telephone, district messenger call, buig- 
lar alarm, electric bell, and similar systems which are operated by clec« 
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batteries. Even in regard to these wires the rules enjoin proper 
xautions to prevent electric light and power wires from becoming 
i with the poorly insulated battery circuit wires. 

343. Wiring Buildings. — The importance of the parts of electric 
;hling circuits which are inside of buildings cannot be overestimated. 

tral station may be built upon the best plan to supply current 
itough a perfect distributing system, but a safe and satisfactory light 
ID not be given jf the Inside Wiring is poorly planned and badly put in 
tace. Fires which occur on account of the electric light wires in houses 
t always caused either by the use of poor material, careless planning, 
rhid workmanship when the inside wiring was put in, and 1/ tin wiring 

donf properly, it is almost impossible for fires to be caused by an eleetrie 
^Hfig or power system. On the other hand, foorly constructed wiring 
itniM net be permitted anywhere. 

On account of the danger which may be caused by unscrupulous or 
intnistwotthy wiremen, it is usual in large cities to have official inspect- 
Vs who e.tamine and test all electric light work placed within buildings. 
I is the duty of these inspectors to see that the work is safely and prop- 
(tly done in accordance with rules fixed by the city authorities and 
approved by the fire underwriters. Even with such inspection (he work 
B not always done in the best manner ; yet comparatively few important 
ires have been caused by electric wires, and those have usually been the 
t«ult of dense ignorance or worse, — carelessness. A great majority of 
he accidents laid to the door of electricity are due to some other cause. 

For ordinary wiring inside of a building only Ike very best rubber-cov- 
rtii wire should be used. A great many factories produce nibber-cov- 
wd wire for use in inside wiring, and much of it is very poor, so that 
onsiderable care is necessary in selecting material. 

344. Cleat and Moulding Work. — The wires may be run in buildings 
ccording to three entirely different methods. In the first place, the 
ires may be run upon the surfaces of ceilings or walls in plain sight, 
■here they are held in place by means of cleats made of porcelain, or, 

more convenient, porcelain knobs may be used. This is a common 
rrangement of wiring in small stores and other buildings where the posi- 
on of the wires in plain sight is not objectionable. As the wires are all 
isible and therefore can be easily inspected at any time, Open Work 
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or Qeat Work, ss this arrangement is called, is a. safe and sads 
arrangement of wiring, provided the wires and appliances are sD 
reach so that they cannot be tampered w 
There are many places where the appc 
of open work is objectionable, but whe 
wires may be placed in wooden casii 
Mouldings which are fastened to ceilii 
walls in plain sight. This is an eKW 
^nfe and satisfactory arrangemcDt, siiK 
wires are well protected from mechanic 
jury or from being tampered with, and y 
londition of the wiring may be easily » 
any lime by a simple inspection. Co 
forms of mouldings are shown in Figur 
These may be made of any desired 
ll)ougli hard pine is most commonly us 
345. Concealed Work. — In the third n 
of ninning wires ihey are placed entire, 
of sight, or Concealed. This may be dc 
various ways. The oldest and at the 
time the least safe and satisfactory way ' 
fasten the wires to the ceilings and walls i 
building before the plastering was put on. 
wires were then entirely covered by o 
bedded in the piaster, so that it was impi 
to examine or repair them without injury 
walls; and, indeed, the positions of the 
in the walls were often forgotten in 
months after the building was finished, s 
repairs were doubly difficult to make. This arrangement of the 
was made more unsafe because the plaster upon the walls ofien s 
ihe insulating qualities of the rubber coverings, and the wires b 
"grounded" as a consequence. The arrangement is no longe 
mitted by the underwriters. 

In buildings with wooden floors and partitions it is pennissible to 
Ihe wires to the floor joists or paitition studding by means of por 
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; knobs in such a way that the wires do not touch iinythiDg except 
utating supports, while porcelain or other lubes surrounti the wires 
r they pass through wails or joists. When this ia properly done, 
IS are not likely to be injured by plaster or danipness, but the 
ntage that they cannot be examined is still present. They are 
)lc to injury by plumbers, carpenters, or other workmen who are 
i in making repairs or aherations to the building. 
much better to arrange a hidden conduit to contain the concealed 
This may be placed behind decorations or other objects on the 
r may be laid neatly under the floors or the plaster. Special 
re made to be used as " conduits " for inside wiring. These are 




' interior conduit," " loricated pipe," and other trade names, and 
e used to a large 

They are essen- 
othing more than 

smooth, water- 
ron tubes, coni- 
jf iron pipes with 
ed or enamelled 
■s. Interior tub- 
ide of insulaling 
J was originally 
Ki to take the 
if the rubber Insuiaiion on the wires so that they could be used 
cheap cotton covering, but it was found to be necessary to use 
I rubber insulation on wires in the tubes in order that the wiring 
jive satisfaction, and the insulating tubes are not often used now. 
vantages of tubes lie in the fact th.it the wires are protected from 
lical injury and from contact with plaster, moisture, and other 
ious agencies. These tubes should be so constructed that the 
aay be readily pulled into or out of ihem at any time, so that 
ans or repairs m.iy be made whenever required. 

Distributiiig Systems for Wiring Buildings. — The plan of the 
in a building depends a great deal upon the size and construction 
building, but in its details it should always fulfil, not only in the 
nit in the spirit, the requirements of the underwriters which an 
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Uid down in the special printed mics called the National ElecnicalC 
In small buildings supplied with ciurent from a ccDtral stalioi) At 
plest plan for concealed wiring is what may be odled tlie " ceiuial ( 
net plan." Heavy service wires are led from the street numu of 
electric light company through, a fuse block or cut-out ( Fig. 300) t 
convenient central point in the building. At this point the main n 
terminate in a cabinet which contains a number of fuse blocks bom a 




FK. yx.- DhcMMH*: S'^'™* of ^"^ <^ 



et«Mtk a circvft 04* snaVer n«s rans not to snpplj a liouied muil 
4( Innm. vtndi » »aaily bet««en 5 and 15. Ftgaie 301 shows «d 
fkmt of «Mc *> t^vnl* ttt't "> extended description is not necen 
|« itw %«««k. Jv -^ ■$ vc swTtcbes far nniing the lights on rad o^ * 
O *«te«twckw«dM protect a snufl bnndi dicidt whkfa t»U 
VB«,»« i «i««eHt » one of the !*»• lK»e«J of bang no h«» 
Ott JfamaifBigt ctWRi. 8t dus urmecaeiM of the distrifaatka ■ 
w««k>^ MwmMc v^v^ vVTun <« ooe bcuch oc tap caiacs dw Gaa 
Aa JWdbMN; ^'***" '*^''' ht/kiB^ to the tnach to lach. Tik i 
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;cts the defcclive branch from the service wires without interfer- 
rith the other branches. The location of all the fuse blocks at 
tral point makes it convenient to replace fuses, and the fuse blocks 
X so protected that a lire cannot possibly be caused by the arc 
i sometimes occurs when a fuse melts or BIowb. 
[Other plan for wiring a building is shown in Figure 303. In this { 
s a heavy trunk circuit runs from the main cut-out in the cellar tol 
op of the house, and the lamp taps branch off from the trunk at.l 










'iring tor n 



5,^, J are switches for controlling the lights, and C, C, Care ' 
blocks. This plan makes it necessary to scatter the fuse blocks | 
igh different parts of the house, which is a disadvantage. 
large buildings a combination of the two plans just explained is 
, and feeding trunks, or fcders, are run from the main fuse block 
veral distributing centres'al convenient points in the ImiUling. One 
;r with its mains is illustrated in Figure 303, where ^B is the feeder 
ing from the main cut-out, or from the dynamo room if a special I 
ing plant is located in the building, and C, C, C, C is a main whichj 



icxr <R cotnposed of ■ 
T>«^ at each end by t 
subsUDlkl 



Fasts of small captfl 
f^ fuses, such u 
306, are vciy connK 
IS do not exceed lliiil 




— Each of ibe 
* switches, that art art 
il electric light "Bp 
tf' a small electric ciicidl 
•Etl a spring so thil 
K eac i il with a an^ oba 
isi The quick action ff^ 
: poBiis &om becofflill( 
cic ■i^oa opening die dt- 
^ .~ie^ Douhle Rile «te<i 
; :j-^e which sim^ltal^^ 
»-■ i-jss of a drcuiL A j 
: rsooola uolf one wire d. 
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QUESTIONS 

3a. Vihat is a series system? A paraBei syfiem? 
' "^ 33. How should the drop in pressure be divided between feeders and mains in 
> yrand system? 
"-" 34* What u a multiple series system? 

35. What are the advantages and disadvantages of the multiple series system 
■^ iacandesceot lighting? 
|t:..3fiw What is the three- wire system? 

37' ^'Vhat is the function of the neutral wire in a three-wire system? 

3& Why does no current flow to cr from the d}'namos over the neutral wire of a 
"^luioed three-wire system? 

39> Gtre a hydraulic analogy tu the three-wire system. 

4KX How much copper is saved by the three -wire system? 

4I« What is a five-wire system? How much copper is saved by it? 

4a. Describe an alternating current system. 

43. What are the advantages of aliemating currents for electric transmission of 

44. Orer what extremes of distance has electric power been transmitted by means 
V^dtcmating currents? At what pressures? 

45. What kind of insulators are used for very high pressure lines? 
4& What is a ''step-up*' transformer? 

47. DeKribe a high-pressure transmission s\*stem. 

48. Why are underwriters' rules neccssar}*? 

49. What points must be especially looked after in the electric wiring of houses? 
50L Why are poorly construcled sockets, fuse blocks, and fixtures particularly 

^V^ to be the seats of bad insulation? 

51. What rules are now generally used to govern wiring? 

52. Why must safety fuses be made to protect the smallest wire in a circuit? 
^B luger wire in the same circuit then be protected ? 

53. Il it penniviUe for any part of the wiring of a building to rest against the 



54. What should be the minimum insulation resistance of indiridual taps? 

55« How much current will a No. 0000 wire safely carry? How much a No. 12? 

5fiu What kind of wire should be used for inside work ? 

57. How It cleat and moulding work executed? 

58. How ii concealed work executed ? 

59^ What is interior conduit? How is it used? 

601 How ii the feeder and main arrangement used for interior wiring? 

6l. What it the crib system of interior wiring? 

is. Where and how is it desirable to arrange the fuses in a building? 

^ DeKflbe a iiite and a fuse block. 



CHAPTER XXI 

t 

APPUCATIONS OF ELECTRICAL INSTRUMENTS TO THE TESTING 

OF LINES AND aRCUTTS 

ICEASUREMENTS OF ILLUBCINATION 

348. Timililes in Tdecraph and Td e phone linM. — On accomil rfi 
their exposed positions, overhead telegraph and telephone wires are p»| 
ticularly liaUe to injury. It is therefore necessary to make carefol, sy^i 
tematiCy and continued tests of important lines in order that Aey nnf ^ 
be kept in satis&ctory condition. The troubles to which lines are I 
may be divided into four classes : — 

I. Grounds. 

2> Crosses. 

3. Poor connections. 

4. Breaks. 

A line is said to be Groonded when so much current leaks from it 
to the ground as to interfere with its proper use. Groonding im^ be 
caused by a general leakage all along the line, or a laige leak may esit 
at one point, where the line comes in contact with trees, etc. When d|e 
insulation of the line becomes so low that practically all the caneat 
leaks off, it is said to be Dead Grounded. 

Lines are said to be Crossed when they make contact with each other 
so that current sent over one line may stray on to the other. When tele- 
graph or telephone lines are crossed, only one of them can be used to 
send independent messages, since the messages sent over one line may 
be received on the others, and if it is attempted to use the several lines 
at the same time, the >'arious messages become badly mixed up. 

The most fruitful cause of crosses is the swinging of loose wires in the 
wind, by which means they become tangled up. Sometimes crosses or 
grounds will appear and disappear at intervals, when they are often 
called Swinging Crosses or Grounds. These may be caused by a vmogr 
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g wire which touches another wire or a ground contact ai intervab, but 
does not remain coniinuously in contact 

Poor Connectiona result from various causes, such as corroded joints in 
the wire, a corroded connection to a ground plate or water-pipe, a poor 
contact between the ground plate and the earth, loose connections at 
binding posts of instruments, at switchboards, or at batteries. Poor 
Connections may very seriously reduce the conductivity of the line, and 
thus reduce the distinctness of messages sent over it unless extra battery 
power is used. 

A Break may be caused by a binding post connection working entirely 
loose, by a wire breaking at an instrument, or by the line wire breaking. 
It may also be caused by defective contacts in the working parts of an 
instrument, or, in the case of a telegraph hne, by a careless operator 
leaving his key open. Wiien a line wire breaks, the circuit may be 
entirely opened, or if one or both of the ends get on the ground, it may 
be possible to get current through one or both portions. 

350. Simple Teats of Telegraph Lines. — The simplest way of deter- 
mining the condition of a hne is by comparing the distinctness of the 
signals which are transmitted over it from day to day. Thus, in the case 
of a telegraph line, if signals going out from a terminal station where half 
the battery is located are found to be strong and good on a certain day, 
while signals coming into the same station over the same wire are weak 
and indislinct, it is evident that the insulation of the line is poor,' If 
the signals which are sent and received are equally indistinct, while the 
battery is in good condition, the conductivity of the line is probably less 
than usual. If signals sent over one wire can be received on another. 
the lines are either crossed or sufficient current leaks from one wire to 
the other to give the effect of a cross. In the case of a break which 
opens the circuit, the armatures of the relays in the line fall back from 
iheir magnets ; but if the ends of the line at the break become grounded, 
it may be possible to send signals between stations upon the same side 
of the break. 

The section between two stations upon which Trouble exists, may be 
readily located in the case of a local telegraph line passing through sta- 
tions which are close together. To do this, the station nearest one end 

1 Compare Article 325. 
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h called up from the end station, either by mdans of the fiuilty wire or I 
by means of another wire, and is told to ground the fJEiulty wire. Tlii I 
being done, signals are transmitted between the two stations over Ik I 
iault}- wire. If the wire works all right, the next station is called up nd I 
the test of the working condition of the wire is again made. This ii I 
continued from station to station until the signals faH in transmisskn. 
The trouble is then on the last section tested, and a lineman may be ' 
sent out to locate it exactly and correct it. 

351. Tests of Telephone Lines. — Trouble on telephone lines is usu- 
ally shown to the exchange operator through difficulty or impossibility in 
communicating with a subscriber. Crosses may make themselves evident 
through the fact that when a subscriber on one of the crossed wires caOs 
the exchange by working his magneto, not only does the drop fall which 
is attached to his wire, but the drops which are attached to the wires 
which are crossed with his also fall. What is known as Cross Talk 
between telephone wires is not a certain sign of a cross, as it may be 
causevi by e::her e'.eciro:iiagne::c or electrostatic induction.' The latter 
In a ver>- common cause of cross talk. To avoid cross talk in telephone 
c,;^>s, the two wires o:" each metallic circuit are twisted together, and 
such a cable is there:"; :e said to be made up of Twisted Pairs. 

352. Tests with Instruments. — In the case of long Trunk telegraph 
or telephone l:".es connecting cities at a considerable distance apart, meth- 
Ovis are re.tuireu for the location of faults by direct electrical measure- 
ments. It :s usual t? make careril diiW or weeklv measurements of the 
insul.it ion .md coniuct:v:ty and sometimes o( the capacity of such lines. 
The results of these me.isu:ements ore careftiUv recorded in a boot 
.uui the rev'orJs .ire a material aid in the location of faults by electrical 
measure meut. Thr usual instrumenrs to be used in testing lines are a 
>e:;>it:\e ci.var.v^-.v.c:;?:- ar.d a Ulteatitone bridtte.' 

353. Line Condu:tivitv. — To nieosure the conducti\-itv of a metallic 
circuit *.> very suvy'.e. At or.e er.i ::* the line the two wires are con- 
ncv'teJ. together. .I'ui at the ::her er.i -f the line the two wires are con- 
nect Ovl to the briv'.ce F:*:. ;>?-■. Kil: the resistance measured bv the 
biiviiie IS the r^'sist/.t^o v^t" or.e jf the wires composing the circuit, if the 

<« k* V O «fc» ^ V • VN...-*" -^ -.1^... .. .av* C..> ^ • 

ft ^ 
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\Vhea only one wire is available, as may be the case with telegraph 
its far end is connected to ground, tlie near end is connected 

of the binding posts c 



the bridge, and the other bind- 
ing post, to which the unknown 
aim should be connected, is con- 
Dected to ground, as shown at 
£ in Figure 308, which shows 
ihe arrangements of the connec- 
tions for a post-office paticrn 
bridge.' With this arrangement, 
the arm of the bridge marked 

I the diagrams, such as Figur 
The arm B is between £ and C 
the zigzag part 



Joi, 



— Diagnm ihowlng the Connection 
vo Ti'legraph Lines, or a Melallic 
it Telephone Line, wilh Whealslonc 
e lot the Purpose ol measDting Iheir 



1 



307 and 309,' is between /I and B. 
he arm /f is between A and D in 
the bridge rheostat ; and the unknown resistance is 
connected 10 the bridge at the points 
C and D. The resistance measured 
by the bridge may be taken as equal 
to the resistance of the line, provided 
the ground connections are good. 

354. Line Conduaivity — Three 
Wires Available. — When the indi- 
vidual conductivity of three wires run- 
ning between the same points is de- 
sired, the measurement is very simple. 
The resistances of the wires taken in 
pairs (Fig. 309) is measured exactly 
___ as in the case of a metallic circuit. 

From these measurements the resist- 
ance of each wire may be calculated. For instance, if wires r and 2 
taken together measure 4500 ohms, i and 3 taken together measure 
3750 ohms, and 3 and 3 taken together measure 4700 ohms, then the 
resistance of all three wires in series would be 




FiC. 30a. — Diagram showing the Con- 
neeiion nf One Grounded Telegraph 
or Telephone Line with Bridge tor 
the Purpose ol measuring its Re- 



I 



4500 + 3750 + 4700 





■iwl 
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Wm No. I Uien meuoits the diflerence between the l e iii t n ice oC ^H 
in series, and that of Nos. 9 and 3 tpgedier^or die diffeienoe bcMM 

6475 and 4700. No. i, AhH 
fiiie^measiiiesi775oliiBL 111 
the nme way wires Nol iS 

it and 3 are found to RV^-I 

J&J j tivdy measoie 3725 and 1975 ■ 

Fig. 309b— Diifiam mdictiiig Co nnecti oos wMi ohms. 1 

Bridfewbere Three Wires areAvaOable and it t* 1* • j 1- 1 

h doired to obcain the CondactiTity of Em& £xmm/k A. If it M fiMBd ly I 

bridge ■miiicinfnt that the » 1 
sistance of three telegraph wirea taken togdher in paia are 3000^ 4000^ and 5000 I 
ohiiiB» what » the retistance of each wire? Amu 3000^ sooo^ and 1000 ohoMk 

395. Xaith Cunenta. — When resistance measurements are made vilk 
the earth as part of the circuit, currents flowing in the earth may illte^ 
fere with the results bjr entering the wire and flowing aloqg it Sudi 
currents are called Sarth Correnta. At exceptional times, as, foi 
instance, during the contiDuance of the so-called Magnetic Stonns, earA 
currents flowing on the wires may be so strong diai telegraphing may be 
carried on wi^out any battery attached to du wires. 

When earth curreDts interfere with the measurements made od a 
grounded circuit, the tests must be postponed until a more fevorabk 
opportunity, if additional wires cannot be used in making the measine- 
ments by the last method gi\'en above. 

356. Line Insulation. — Exact insulation measurements are made 
with the line disconnected from its ground plates (the line Open, Figme 
310). As a general rule, the insulation resistance is higher than an ordi- 
nary Wheatstone bridge will 

measure, and the method ex- f t 1 I | | 

plained in Article 169 is used. J I I 1 I ' 

The condition of the insu- ^SrrSuSSnS '"■■ ■•"■ 

lation of a line mav also be Fig. 31a— Tdegraph Line with Ends •Open" fcf 

the Paipose of making Insulation 



roughly determined from day 

to day with the circuit closed. 

.\ milliamperemeter is placed in the circuit at one end of the line in 

series with a batten- of a fixed number of cells. If the resistance of 

the circuit and the pressure of the battery are known, a certain standard 
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rtilch may be calculated according to Ohm's Law,' should flow 
E line when the insulation is perfect. The difference betweei 
t indicated by the amperemeter and the standard current i 
e of the leakage from the line. 
piparison between the recorded periodical measurements of con- 
^ and insulation shows whether or not the line is in good order, 
Qier or not any poor connections are developing or its insulation 
liorating. 

Location of a Ground. — The location of the position of a ground 
ross on a line may be determined in various ways. If the fault 
lead ground," a measure- 




. 311. — Canneclionsof WheBisione Bridge 
and Telegraph Ijno for Ihe Purpose of 
locating Ihe Posiiion of Ihe ■■ Fault 

r 9 ohms 



f the resistance of the line 
round return is made by 
jb" from one end of the 
t|e other end of the line 
l^n (Fig. 311) ; and the 
ie to the " ground " is cal- 
{ at once from the resist- 
(ihe hne per mile. Thus, 

1^ K Une 500 miles long ordinarily measures 4500 ohms, 
fe, and the resistance measured through a dead ground is iSoo 
^en the ground is joo railes from the station where the measure- 
I made, since 9 times zoo is equal to i8( 
fl the ground is only partial, its location is not so simple, since 
istance of the leakage path comes into the measurements. Sev- 
ethods may be used in making the measurements, but the two 
ng are the simplest. In Ihe first method, the resistance of the line 
b the Fault is measured from each end in the manner illustrated 
BC 31 1, the far end being open at the time of each measurement, 
il the resistance of the line between one end E, and the fault, 
ristance of the line in good order is added to that measured 
[1 the fault from E ; from this is sulitracted the resistance meas- 
brough the fault from G and the result is divided by a. For 
«, suppose the resistance measured through the fault from £, as 
} Figure 311, is 3800 ohms, and a similar measurement made 
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from G shows 4700 ohms, the line itself from EXoG measures (as Vnm] 
by previous measurements) 4500 ohms; then the resistance of the liM 
from E to the foult is 

3800 + 4500 - 4700 ^ ^g^ 



If the line measures 9 ohms to the mile, the distance from ^ to tk 
fault is 200 miles. 

The reason for this is readily seen, since the total resistance of tiie 
line is equal to the resistance from E to the fault, added to that from 
G to the fault. The measurement from E through the fault gives tiie 
resistance from E to E added to the resistance of the leak. The meas- 
urement from G through the fault gives the resistance from G to F 
added to the resistance of the leak. Adding together the resistance of 
the whole line in good order and the resistance from E through the 
fault, gives a sum which is equal to the resistance of the leak plus the 
resistance of the whole line plus the resistance of the part of the line 
from E to /^ Subtracting the resistance from G through the leak leaves 
a remainder equal to twice the resistance of the line from E to F, . 

Example A, The resistance of the portion of a line from the end E (Fig. 311) to 
a partial ground is 2000 ohms, from the end G is 4000 ohms, and the total resistance 
of the line is 3S00 ohms. If the wire has a resistance of 10 ohms to the mile, what 
is the distance from the end E to the partial ground? Ans, 90 miles. 

358. Loop Method for locating Fault. — The second method of locat- 
ing a fault is by what is called the Loop Method. This can be used only 

when the leaky wire can be looped with a 
good wire or the line is a metallic cucuit, 
so that both ends may be connected to 
a bridge for testing. In this case the con- 
nections are made up as shown in diagram 
in Figure 312, where DE is the leaky wire 
and CE is the good one. AF makes one 
M.; 3ii~niagraraof Connec- bridge arm, and CF another, while AB 

tions for Ungating a "Fault" ^ n/^ *i_ ^i. *. ««. jn 

i»v I AHMi Mothoii ^"^ BCaLve the other two arms. When AV 

or AB and BC are adjusted until the bridge 
is balanced, the resistance from C to F and from A to F are to each 
»»thoi as /»c' is 10 AB, while the total resistance of CE plus JDE plus 
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from the records of the w 
; rheostat AD. The way in wl 
fct-office pattern bridge is shown 

IjfleA. In Figure 313,^5=500 ohms; 
kouhmi; AD = soaobma: C£ = ^00 
iBd D£ E 400 ohms. If UD'ler these 
^ the bridge is balanced, huw far frum 

rirb'eak, supposing the icsistancc or the 
f ohaii per mile? (Aid. By the pio- 
■ the bridge we have AB:BC:: AD 
EF:CE+ EF: from this il is fouii.i 
r^ loo ahms.) Am. 60 milea. 



e conductivities and t 

ch the connections a 




Fig. 313.— Post-office Paliem Bridge 
applied to Loop Te!t tor locat- 
ing a Fault in a TeLcgiaph or 
Telephone Une. 



i Location of a Cross. — When two 
pe crossed, the location of the 
Vhere they make contact with 
l^r is carried out in very much the same manner as the location 
jnids, except that the measurements are made over a circuit made 
Ihe two crossed wires (Fig. 314) instead of over a circuit made 
!ttie grounded wire and its ground return. The distance from 
I' the measuring station to the 

■—1 cross is calculated from the 

^ measured resistance and the 

\\J resistance per mile of the 

I; X "^^ \? >* '• two wires logelher. Thus, 

I „, ri suppose the resistance meas- 

t— Diagram of Connrcliona tor locating a. 

& Id Telegraph or Telephone Uues. UTcd through the CfOSS at Z 

\ as shown in Figure 314 is 

pms, and the resistances of the two wires are respectively 9 and 
lbs per mile. Then the cross is 200 miles from the measuring 
iaince the resistance per mile of the two wires together is 9 plus 
ps ohms. In this measurement it is assumed that the resistance 

^£3 itself is too small to be taken into account. When this is 
se, special measurements have to be made, as in the case of a 
|^Y>und. 
kking test measurements it is usual to disconnect all telegraph or 
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lelepliODe instnnnenis lioni ihe circatt. tfaongfa they may be p 
to lemaio m circuit tad a coneciion b tben made on accouot 
e or insubtji 




360. Testing JJniei\ 
Cables, — Id testing i 
gi'juDd wires and Subi 
Cables, practically the 
methods are used as 
testing of overhead 
Systematic periodical 
axe quite e^ential fc 
piesenation of the I 
cables, siDce their axi 
may be qaicUy des 
after a leal starts. 
315 shows the pern 
■ anaii^ciiKnts as thej are set up in the testing room at U) 

Bobfe. 
. Vtalts In Blectiic Li^ airi P*wer IJnes. — The fanlts 
tin decilic ligbt sod power lines sie of the siine character ai 
k occnr in telcgr^>h sad tdepbone Knes, but the methods o 
k mh) locaiine the Cuihs sie *ety differenL The geDcral con 
: Ugbt bae tnsf be determiDed &ora the manner in 
i boTu. Breaks id ifae line are made evident by the &i 
a the circuit bergod &e break will not bum, while crosst 
E'Cncaiis soon owke theraseires e^ideltt by causing the loses 
% Ibe defective pan of the circait to mcb or blow. Poor a 
IrWy be shown tqr dtmaess of the Umps when the conitcctiaa 
B joflbacaity hi^ reasUace to cause s gttax drop in preaoie. 
tkcedkss to SKf that connectioas oc joinb of such poor condoctivi 
vttf dangcroQS, and sboold not be pemutted to exist in 
bout. jtSjMma i« ftettric iigil trirrs mrt s*Utnd in C 
W»j be lao *■ bad joints " which may cause poor c 

Poor cooneciioas at soch points as sockets or tae 1 
to iacsnJesccnt circuits rosy cause coosiderafafe h 
■Bg b noticed, h sboaU be corre ct ed at once, or it « 
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n a box together and con- 



imes poor connections at fiise blocks may produce heat enough to 

the fuses to blow when there is really no trouble elsewhere on the 
. This may occur when the fuse blocks have too little contact 
; at the connection points to properly carry the current. Such 
lOclcs should always be replaced by larger and belter ones, as they 
t only an annoyance, but are dangerous. 

one would think for a moment of leaving poorly jointed and 
gas pipes and fixtures in a house, and defective electric wires 
, be treated in exactly the sarae manner as defective gas fittings. 
. Arc-line Teoting — The Magneto. — Series circuits, like arc- 
ircuits, which are not in use all through the twenty-four hours, are 
tested for breaks, grounds, and crosses by means of a " magneto 

which is very much like a telephone call bell (Fig. 316). The 

nagneto machine and call bell are put ii 

I in series with Iwo terminals on the 

e of the box, which are shown at the 

■ the figtire. If it is desired to test 

Dntinuity of a line, — that is, the 

:e of breaks, — the two ends of the 

re connected to the test bell termi- 

If the bell rings when the crank, 

is on the right-hand side of the box 
lidden jn the figure), is turned, the 

is shown to he continuous ; while if 
U does not ring, the circuit is shown 
broken, provided the test bell itself 

ood condition. It is easy to test the latter by short-circuiting the 
a.\s, when the belt will ring upon turning the crank if the magneto 
ight. 

is desired to test for grounds by means of a magneto bell, one 
al of the bell is connected to earth by connecting it through a 
> a gas or water pipe, and the other terminal is connected to the 
) be tested. If the bell rings when the crank is turned, this 
rily means that the line is grounded, and if the bell does not ring, 
e is shown to be Clear of grounds. Sometimes the bell will ring 

when the line has a very high insulation, liecausc the electrostatic 
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capacity of the line is high, and the current which floirs into and ( 
the line, as it is charged and discharged by the alternating pian 
up by the magneto, is sufficient to ring the belL , 

Most arc-light lines are out of use during daylight, — only those 
convey current to arc lamps in the buildings of large cities arc 
during the day, — and many lines are not used after midnight 
quite convenient, therefore, to use the magneto bell for testioj 
lines. The tests can be made an hour or two before the lines 
into service each day, and if anything is found to be wrong, a lii 
can go along the line to find the trouble and fix it. 

363. Testing Arc Circaits by Voltmeter or Incandeacent Lampt 
voltmeter is sometimes used for testing and locating grounds o 

light lines while they are in use. 
pose that Figure 317 represents a 
light line which supplies current 
lamps, and is grounded at F, 
lamps are so adjusted that each rt 
45 volts pressure, the difTerence of 
ure between the fault and one te 
of the dynamo is 270 volts, and b 
the fault and the other terminal 
dynamo the difference of pressure 
volts. A voltmeter connected to g 
as shown in Figure 317, indicat 
difference in pressure between the fault and one dynamo termin 
so shows between what lamps the fault is located. 

Instead of using a voltmeter, 45 -volt incandescent lamps r 
used for testing by this method. As many 45-volt incandescent 
are connected in series as there are arc lamps on the circuit 
tested. One end of the series is connected to ground, and the c 
one dynamo terminal. Then one incandescent lamp after ano 
short-circuited until the lamps which remain in the circuit bum I 
fill! candle power. The number of incandescent lamps then in ci 
equal to the number of arc lamps between the dynamo terminal i 
fault. The reason for this is evident upon examining the figure, 
there are six arc lamps between the A terminal of the dynamo a 
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Fig. 317. — Testing the Insulation 
of an Arc-light Circuit by a 
Voltmeter. 




I difference of pressure of 270 volts between the two 
Q by the voltmeter. Two hundred and seventy volts is 
equired to bring a series of six 45 -volt incandescent 
ndle power, so that the number of arc lamps between 
he A dynamo terminal is equal to the number of 45-volt 
,mps which will bum with full candle power when con- 
bctween the dynamo terminal and the ground. This test 
je supposition that the fault has little resistance in itself. 

I circuit conuioing ro arc lamps, each adjusted to bum with > 
Itt, ii to grounded that when a voltmeter is connected between 
the gronnd the tending ii 200 volts. Between which two lamps ia 
e ground, counting from ihe terminal to which the voltmeter is 
Between [he fourth and fifth, 

I Conatont Pressure ClrculU — The Ground Detector. — 

idescent lighting circuits for grounds, incandescent lamps 
'e almost always used. 
a two-wire circuit is 
iresence of the ground 
by connecting an tn- 
ip between the other 
rih (water pipes, etc., 
n the lamp will bum 
lie current which (lows 
to the other through 
he feult. If the lamp 
r the same pressure p,^_^ 
circuit, it will bum at 
wer if the circuit is 
k1," and will be dimmer in proportion to the resistance 




hows a permanent arrangement of the Ground Detector, 
» that the detector lamp may be connected at pleasure 
he wires. 

ugement of lamps for a ground detector is shown in Fig- 
A and B are two lamps connected in series between the 
e electric lighting system. A wire goes to ground through 
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FIOL319. — Incandesoent Lamp 
QMd as a "Ground Ddeo- 
toc.* 



a fuse block and a switch fix>m a point between the two lamps, 
the switch is open, the lamps A and B bom very dindy, bot oi 

brightness, and no change occms idi 
switch is closed if no grounds are ] 
on the drcnit But if the wire to 
the A lamp is connected becomes grey 
current will flow from the groonde 
throQgh the B lamp to the other win 
the switch is closed, and the B Ian 
become brighter than the A lamp, 
same way the A lamp wiU brighten wli 
switch is closed, if the i? wire is gra 
Sometimes both wires are groande< 
the &ults have aboat equal resistance. In this case the lamps n 
show the grounds in the ordinary way, but the test can be nu 
turning off one lamp when the switch is 
closed, and the other lamp will go out 
if the circuit is not grounded. 

When high pressures are used, too 
many lamps would be required, so that 
a differential galvanometer or equivalent 
device is used as a ground detector. 
The differential galvanometer consists 
essentially of two equal coils, one over yig. saa — Ground Detec 
the other, which surround a suspended Two incandesoent Lm 
magneUc needle. , The coils are con- ^^ Connection 
nected to the circuit in series, and with 

a ground connection between them just as the lamps are connectc 
their magnetic effects on the needle are in opposition. When tl 
no ground, the needle stands at zero ; but when there is a groui 
magnetic effect of one of the coils becomes stronger, and the ne 
deflected. For \-ery high pressures, electrostatic ground detecU 
frequently used. An electrostatic ground detector is illustrated : 
urc ^1(21. It consists essentially of a quadrant electrometer wi 
quadrant connecteii to each side of the circuit, and the other Xn 
nected to the needle and to ground. The needle stands at zen 
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neither side of the circuit is grounded, but moves to one side 01 the 
other if one wire or the other becomes grounded. 

For three-wire circuits' a pair of lamps may be used as a ground 
detector for each side of the system. 

When a voltmeter is used to test for grounds on an incandescent cir- 
cuit, it is employed in very much 
the same way as the incandescent 
lamp which is used for the same 
purpose. The voltmeter is con- 
nected between one of the circuit 
wires and the earth. If the other 
wire of the circuit is grounded, 
current will flow from it through 
the ground to the voltmeter, and 
through it to the wire to which 
the instrument is connected. 
If the grounded wire is " dead 
grounded," the voltmeter will 
give the same reading as when it 
is connected directly between the 
wires. The reading of the volt- 
meter is less as the resistance of the ground contact is greater, and 
it h zero when the insulation is perfect, 

366. Locating Grounds on Electric Light Wires. — The methods which 
are used for testing for grounds on incandescent circuits show when 
a ground is present and upon which wire it exists, but they do not give 
any clew to the particular portion of the circuit upon which the ground 
is located. The ordinary method of " locating " a ground which cannot 
be found by inspection is to cut one branch after another ofT from the 
system until the ground disappears. The ground is then on the last 
branch cut off, and may be found by careful inspection. If the wires are 
not being used, the testing of the branches may be done by the use of 
a magneto, as in arc lighting. When buildings are newly wired, all lines 
_«bould be carefully tested by a magneto for breaks, crosses, and grounds, 




Ground Deiecior. 



I Article 334. 



434 



ELEcnuary and MAGNEnsM 



I < ' -4 lU 



sboddte 



and then ctrefbl insulation measinemoits 
made before closing the dynamo switches. 

The testing and locating of frnlts in lead-anrered cables which ne 
sometimes used in undeiground systems is done in the same way as tiie 
insulation testing of telegraph and tdephone cables^ whidi has abea^ 
been explained.^ 

366. Measoiemflnt of Candle Power. — The candle power and the best 
arrangement of the lamps which are required to give a satisfiurtoiy illii- 
mination in any particular space can be determined only by experience 
The candle power of lamps is measured by an instrument called a pho- 
tometer, in which the illuminating power of the lamp to be measured is 
directly compared with the power of Standard Candles, or with a gas jet 
or lamp of Imown candle power. Standard candles are made of spenn 
wax ; their wick is a very carefully made cotton braid ; and Candles of 
full length (ten inches) weigh one-sixth of a pound apiece. Each can- 
dle should bum with a consumption of wax at the rate of 120 grains 
consumed per hour. These candles should not usually be snuffed. In 
Germany, candles of somewhat different character are used. 

The cominonest form of a photometer is that called Bunsen's photofn- 
eter, which is shown diagrammatically in Figure 322. The standard 

candle is shown at A^ the 
A ^ B lamp whose illumination is 

to be measured is at iff, and 
/> is a movable disk of thin 
paper with a grease spot at 
its centre. The photometer 
must be enclosed in a per- 
fectly dark closet for satis- 
factory use, and the light from A and B is carefoDy screened on ereiy 
side except directly in line with the disk. An observer measures the 
unknown candle power of the lamp B by moving the disk D until 
it shows an equal illumination on both sides. The disk is generally 
Kx)ked at by means of mirrors, so that both sides may be seen at 
once. 

When the illumination of the two sides of the disk is equal, tiU €andk 




Fig. 32a. — Simple Hansen Photometer. 
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r 0/ the lights are related to each other in the ratio of the squares 
e distances measured from the respeetijie lights to the disk. 

\ Exampit A. A in Figure 332 is a stundartl candle, ami B an ekctric tight, tbe 
« pgwer of which ia to be measure.!. If ibc diatincc from.-/ to the icreen ii ao 
s, anil from B l<i the screen U 80 inches, what is the caniUe power of the electric 
? Ans. i6c.p. . 

i 367. Light varies Inrersely as the Square of the Distance. — The 

1 that the squares of the distances come into the comparisOD of 

iadle powers is illustrated in Figure 333. If we suppose a screen, AB, 

% be placed at a distance of one foot from the lamp, L, we may consider 

iat the screen is illuminated by a certain 

ber of rays of light falling upon it. 

', if the screen is moved to a distance 

f two feet from the lamp, the same rays 

f light will illuminate an area CD, which 

\ four times as large as AB, and conse- 'vari'aiioii of"liimn?i 

mtly the intensity of the illumination of Inverse Proponion 

t screen is only one-fourth as great 

1 the screen was at a distance of 

Wt from the brap. If the screen is moved to a point three feet from 

the lamp, the same rays will cover the area EF, which is nine times 

OS large as AB, and the intensity of the illumination is only one-ninth 

as great as when the screen was within a foot of the lamp. 

Since four and nine are respectively equal to the squares of two and 
three, we see that the intensity of tlie illumination given to a surface by 
a fixed light is inversely proportional to the square of the distance from 
the light to the surface. 

In the Bunscn photometer the screen is placed at such a point 
directly between two lights that they illuminate it equally. In this 
case the lights must have candle powers which are proportional to the 
squares of their distances from the screen, as already said. 

368. Distribution of Lights. — The actual illuminating effect of a 
^ven number of lamps in any space depends upon a great many things. 
For instaDce, a room with dark walls, which absorb a great deal of light, 
requires much more light to give a satisfactory illumination than does a 
room with light-colored or white walls. In a comparatively small space 
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426 ELECTRICriY AND MAGNETISM 

a number of lamps of small candle power, properly distribated about the 
space, usually give a more satisfiEurtory light than do a few large lamps 
giving the same total candle power. This is because the illumination near 
the large lamps is very great, and at other points in the space the illumina- 
tion is small, while it is much more evenly distributed by the small lamps. 

In ordinar)' rooms a&d stores it is common to put from one to three 
i6-candle-power incandescent lights for each hundred square feet of 
floor, while in larger rooms 450-watt enclosed arc lamps may be used 
so that each arc illuminates from 500 to 1000 square feet of floor 
space. The incandescent hghts should be suspended in such a way 
as not to be more than eight feet from the floor, and be provided 
with reflectors or shades. If the lamps are placed higher, proportion- 
ately more lights must be used. 

Where arcs are placed indoors, it is usual to surround the arc with an 
opal glass globe, which distributes the light more satisfactorily than 
would otherwise be the case. Such globes have the disadvantage of 
absorbing nearly one-half of the light of the arc, but their effect in dis- 
tributing the light is sufficiently important in indoor lighting to counter- 
balance the loss of light. Arc lights should be placed higher from 
the floor than is usual for incandescents. For outdoor lighting open 
arc lights with clear glass globes have been ordinarily used, but 
•* enclosed " arc lamps, with opalescent inner globes and clear glass 
outer globes, are now rapidly coming into general use. 

Street lamps (arcs) are placed from 50 to 600 feet apart, depending 
upon the amount of illumination desired. It is an important feet, 
which is not very well known by electric light companies, that dirty 
globes of clear glass may absorb even more light than do opal globes, 
and in the case of the inner globes of the enclosed lights it is not unusual 
for the light to be reduced to a mere glow by a little inattention, so that 
it is important that arc-light globes be kept clean. If the "enclosed 
arc " lamps are carelessly trimmed, carbon dust rapidly collects and is 
burned into the glass, which often makes the globe almost opaque. 

369. Measure of Illumination — The Candle Foot — It may be seen 
from what precedes that the true measure of illumination is not the 
candle power of a lamp, but it is the amount of light or Illumination 
obtained on a surface which is illuminated by the lamp. The unit for 



MEASUREMENTS OF ILLUMINATION 



vitasuring iUuminaHon is the intensity of illumination on a perfendieula* 
ureen at the distance of one foot from a lump which gives one candle power. 

Four candle power at a distance of two feet from the screen, and nine 
cjodle power at a distance of three feet from the screen, give the same 
illumination as one candle power at a distance of one foot from the 
iscreen. This illumination is called a Candle Foot. 

The illumination (in candle feet) given by any lamp upon a perpen- 
dicular surface is equal to the candle power of the lamp divided by the 
square of the distance between the lamp and the surface. For instance, 
if we have a 31 -candle-power lamp at a distance of 6 feet from a wall, 
the illumination on the wall is 31 divided by 6 squared (or 36), which 
is equal to about .9 of a candle foot (^1^.889). 

Example A. An incandeicent lamp is 4 feet from a reading book. How much 
illuimnalion will il give fui reading, if the lamp givea 16 candle poirer id the direc- 
liiin of ibe book? Am. I candle fool. 

ExampU B. An arc lamp givei 800 caodlc power in a ceilain directiun. Whal 
uill be ihc illumiDalioD froni it at a diatance of 300 feet in that direclion? Ans. ^ 
iiTa candle fool. 

.An Ulumination of one candle foot is rather poor for ordinary reading, 
but an illuminalion equal to from two to three candle feet is very satis- 
factory, especially if the direct view of the lights does not meet the eyes 
and so reduce their sensitiveness. Ordinary bright moonlight gives an 
illumination on the ground which is equal to about ^J^^ of a candle 
foot. The illumination upon theatre stages is ordinarily from three to 
four candle feet, and the illumination given by diffused daylight is equal 
to from ten to forty candle feet. On account of the expense of produc- 
ing artificial light by the common methods of the present day, it is 
commercially impracticable to artificially produce as great an illumina- 
tion as may be given by daylight. 

A handy plan for roughly comparing the illumination in various 
situations is the following : A cubical box, six or eight inches on a side, 
and without 3 cover, should he blackened on the inside and a piece of 
newspaper placed in its bottom. The ease with which the words on the 
paper may be read when looking into the box with shaded eyes gives a 
rough and ready determination of the quality of the illumination at the 
spot occupied by the box. By moving around a room with the boXf X 



CHAPTER XXII 

ELECTROLYTIC DEPOSITION OF METALS 
ELECTRIC SMELTING, WELDING, COOKING, ETC 

370. Commercial Electrolysis. — The electrochemical operatiooi 
which result in depositing metals from solutions of their metallic 
salts are very widespread in the industries, and are of great usefulness. 
The magnitude of the works involved in most of the operations does not 
approach that of works built for the purpose of furnishing electricity for 
light and power ; nor do the ordinary electrolytic operations appeal to 
the ordinar)' obser\'er as do the applications of electricity to transmitting 
messages, driving street cars, or furnishing light or power. Nevertheless, 
we owe to electrochemical operations many of the commonest necessi- 
ties of life. The commercial applications of electrolysis cover a wide 
and useful range, from nickel and silver Plating to Electrotyping for the 
use of the printer : and from methods of Bronzing and Gilding to meth- 
Ovls of Smelting certain ores and Refining metals. Electrolysis is also 
becoming a most important factor in chemical manu&ctories. At Niag- 
ara Falls alone not less than lo.ooo horse power is utilized in manu- 
facturing bleaching powders and other commercial chemical prod- 
ucts. Nearly all of the processes depend upon the laws of chemical 
action winch have already been described in Chapters IV and V ; but 
the solutions used are frequently quite complex, so that the chemical 
action which occurs is complicatevi and not alwa\*s fully understood. 

A working knowledge of the processes of electro-deposition of metals 
has been possessed only since iSoo, and indeed many of the more 
important processes of electroplating, electrotyping, etc., have been dis- 
covorevi since 1S40 or 1S45, ^'^ile some of the important operations of 
cKviromct.i'.l'urcv. sv:ch as the electrolvtic recovers* of aluminum and the 
comnuTcial rcfir.ir.c of cr:HT by electrolysis, have not been emplo)'ed 
until within a vcrv tew vears. The rex: few vears seem desrined to sec' 
elcctiolysis and electro metallurgical processes (processes of treating 
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als in which electricity is used) put into extended use in the 
Dvciy of various nletals from their ores, and in some hitherto little 
lored fields, such as the purifying of drinking water and Steriliiing; 
pewage. 

171. ElectropUtlng ; SUver Plating. — Electroplating is the process of 
Ting articles of metal with a thin layer of another metal by means of 
trolysis from a solution containing a salt of the deposited metal. 
t covering usually consists of nickel, silver, or gold, and the base, or 
1 metal, is ordinarily of some composition, such as white metal, 
1 metal, German silver, or brass, 
!7ie details of the processes are quite different for the different met- 
I nsed in plating. We will first consider sliver plating, as silver is the 

mportant metal in plating processes. 

(The commonest salts of silver are chloride of silver, nitrate of silver, 

DJde of silver, and acetate of silver. A salt of a metal is a chemical 

DbtDalJOD formed by the action of an acid on the metal. Thus, ni- 

e of silver is formed by the chemical action of nitric acid upon sil- 

Nitric acid is a chemical combination of hydrogen with oxygen 

a nitrogen, the oxygen and nitrogen in this case forming what is called 

od radical. The radical of nitric acid has a greater chemical attrac- 

■ affinity for silver than for hydrogen. Consequently, when silver 

meised in nitric acid, the silver is attacked and dissolved, during 

h process it combines with the acid radical and forms nitrate of sil- 

r, while the hydrogen of the acid is given off. The salts of silver 

e used in electroplating are usually made from the nitrate. The 

; of silver is produced by adding pure silver, in small quantities 

P ■ time, to a warm mixture of one measure of distilled water to four 

asures of pure, strong nitric acid. The action of the acid upon the sil- 

tt is very intense and causes much heat to be given off,' and if the mix- 

s too hot, or loo much silver is added, the liquid may boil over. In 

; mixture may be cooled by adding a little cold distilled water. 

nixture will dissolve no more silver, the solution may be put 

Va covered jar and set in a dark place until it is required for use, 

I A properly diluted solution of nitrate of silver is used with a silver 

oltameter,' but the deposit from a nitrate solution does not make a sat- 

1 Compucthe Bclion of sulphuric acid upoa copper, Anicle 6o> *Ailictc 158. 
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rough determination of the uoifonnit}- of the illuminaticm in the room, and 
therefore of the correctness of the locations of the mdividual lights, mij 
he made. By taking the box from room to room or bnildiog to building 
a ro'igh comparison may be made of the iUtimination at ditferent placet 
A special photometer, by means of which such comparisons may be mule 
with great accuracy, is called a Weber photometer. The actual illumina- 
tion at any point may &e directly measured in candle feet by means of thit 
instrumcnL Figure 314 
shows a \Veber photonieier 
ready to measure the illu- 
mination on a library rtid- 
ing table. 

It must be remembered 
that it is not always deni- 
able to have a perfeclly 
uniform illumination in a 
room, but is often neces- 
sary to have a high d^iM 
uf illumination at certain 
points. In library reading 
rooms, for instance, the 
reading tables should be 
most highly illuminated. 
In picture galleties, the 
' ^"^'"B pictures should have ■ 
strong light thrown 00 
them. In theatres it should be possible to vary the lights, and also be po*- 
sibte to throw an intense illumination upon any part of the stage. Oa the 
other hand, schoolrooms, drawing-rooms, ballrooms, and other Ulte rooms 
should ordinarily be provided with illumination that is as nearly onifonD 

u possible. 

■^ QUESTIONS 

I. Whkt tre the cUuci of trouble ihat occur on telegraph and telephone UnsT 

t. What li a ground? Acton? 

3, How cmn the ixiiition of tcouble on > telegTsph line he looted? 

4, Iluw don tiiiuMe uiuull)' become apparent on telephone Unci? 

5. What UcToM talk? How can it be avoided? 

6. How li the conductivity of a lon^ line mcavucd? 
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.ivity of ihicc parallel viies be measured? 
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7. How may Ihc conduc 

8. What ate earth curre 

9. How may the insulation o! a long line be n 

10. How can » " dead gruund " be locslcd ? 

11. How can a partial gioand be located by latcing aieiLsuremcQts from either I 
tmJQf the line? 

1:. What ii (he loop method of Trnding a ground? 

1;. How can a croiu be located? 

' ,. What faults occur in electric light circuits? 

How do faults in electric light circuits make themselves evident? 

.. Why docs safety require that the joints in electric light wires shall be soldered? J 

:. What is a testitig magneto? 

: ^. Huw can arc circuits be tested for Continuity and grounds by a magneto 

I. How may a fault be located on an arc eircuil by a voltmeter? By ii 

-•J. Whw is a ground detector? On what kinds of circuits is it used? 

2t, How doel a ground detector with one lamp work? 

J2. Why does one of the lamps brighten in a two-lamp ground detector whefl 

;. How may a voltmeter be used fur testing for grounds an incandescent circuits? 
.' -.. If one wire of a circuit is dead grounded, what will be the readings of the 
meict when connected from the ground, first to the grounded wire, then to the 
■ ■thct wire? 

35. How are grounds or crosses located on constant potential circuits? 

26. Can a magneto be used in testing constant potential circuits? 

27. Tell how you would test for continuity and grounds in a building that had 
just been wired for incandescent lamps. How would you test for insulation resistance? 

28. What is a photometer? 

29. What is a standard candle? 

30. How may the intensity of two lights be compared by a photometer? 

31. Why does the intensity of illumination vary inversely as the square of the 
distance from the light? 

32. What is the eHect of the color of the walls and the size of the light upon the 
diiUibution in a room? 

33. What is the effect of opal shades or globes upon the light from a lamp? Of 
dirty globes? 

34. What is the candle foot ? 

35. How does the intensity of illumination in candle feet vary with the distance 
from the light ? 

36. What intensity of illumination is desirable for reading? 

37. What is the intensity of illumination of moonlight? Of sunlight? 

38. How can you roughly compare the illumination in various parts of a room? 
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One d>-Damo of sufficient size may be used to auppiy cuneot toi 
plating vats. The vats may be connccied either in series 
depending upon ilie pressuie developed by the dynamo. When 
rent is of (he proper amount, the silver covering winch is 
the pbted articles is hard, white, adheres closely, and is dcpc 
reasonable rapidity. When the current is too small, the >it 
ally of good quality, but the plating progresses too slowly, 
current is loo great, the plating is likely to become gray or 
rough, while gas is sometimes given off at the cathodes. A 
tion of the silver deposit may also occur from impurities in 
Such discoloration may often be removed by proper " after trciimni' 
of the plated articles, but to this attention cannot be given here. 

374. Relative PositionB of Anodes and Cathodes. — The fonn of 'it 
articles to be plated often has much to do with the quality of the plaiiaj 
Thus, bulky articles with a gi\'en surface often cannot be plated m 
rapidly as flatter articles with exactly the same amount of surface lo b« 
covered. Edges and points often gather a granular or rough deposit, 
while the flat parts of the same articles take a satisfactory, hard depouL 
Such difficulties can be overcome only by making a proper mutud 
adjustment of the distances between anodes and cathode^ the quaiilf 
of the liquid, and the current per unit surface of the articles. ^Vba 
articles which have great irregularities of surface are to be plated, thf 
distance between anodes and cathodes mtist be greater than that which 
is satisfactory when the articles have a uniform surface, otherwise the 
more prominent points of the articles will receive a heavy deposit wMt 
the hollows may receive little or no deposit. It is important that 13 
plated articles be given a imiform deposit of proper thickness upon the 
surfoces which are desired to be covered. The thickness of stiver pU^ 
ing ordinarily varies from the thinnest possible coating to the thidtnw 
of thin writing paper, depending upon the quality of the product. 

There is a method of plating by simply dipping the articles in > 
proper silver solution which is used to silver small articles such u hoob 
and eyes, on which the coating is too thin to be realty measured. In 
this case the plating is not due to electrolytic action, but siiDpljr w 
chemical action between the silver solution and the metal compose 
the articles to be covered. This is called plating ty simple imnumt*- 
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I Preparation of Material for Silver Plating. — In preparing arti- 

r plating, ihe gteatesi care must be taken to make them 

tffy lUan and bright, or the plating will not take a permanent hold, 

1 peel off. It is first necessary to prepare the articles for the 

:3iid of coating they are intended to receive ; if the plating is inleoded | 
O be polished, the articles must be polished, all deep scratches 
vmoved, etc. This may be done by fihng, scooting, polishing, el& ' 
M« this preparation, the cleaning is begun by dipping i 
dilution of caustic potash or soda which cleans off all grease. This 1 
wiution is made by dissolving commercial lye in water, and it may be i 
ued continuously until its caui^lic properties are used up. 

After dipping in lye the articles are washed in water and are then 1 
4»Detimes dipped in dilute acid to give them a proper surface. They 
i« next washed with great care and then placed in the depositing vat, 
it is quite common to cover articles to be silver plated with a very thin 
»ating of mercury. The object of this is to avoid oxidation of the arti- 
■les, which causes the plating to peel. Coating with mercury is called 
(nlcldiig, and it may be effected by dipping the articles into a dilute solu- 
kui of nitrate of mercury, or the solution of some other mercury salt. 

t}uring the operations of dipping, the articles should be supported 
ipon wires or in wire baskets. They should not be touched with the 
iDgers.since the points so touched are made greasy,and the deposit 
riH not Take. 

376. Buffing and Polishing. — After the plating is completed in the 
lath the articles must be put through a series of operations to give the 
ilated surface the proper finish. This 
s largely done by polishing on rapidly 
evolving wheels made of brass wires. 
Bather, and canvas. The processes 
je called Scratching, Buffing, and 
^olishing. The same tools are used 
DT polishing the articles before plal- 
Dg, In the case of some articles, the 
jolishing is done by means of hand 
Inmishers, which are smooth tools made of steel, agate, or simitar hard I 
naterials. Some forms of burnishers are shown in Figure 




Fig. 317.— 
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. 330. — Bigyele 
Spokes ptepareii 
(□[ s us pi- n ding 



burned together, not soldered. In the preparation of articles for nickel 

pUling. thty must be very carefully polished and cleaned by scouring, 

(lipping in a hot lye solution, and pickling in acid. 

Tlie latter is very important, since the acid takes off 

from the articles the thin covering of oxide which is 

likely to slick to iron, copper, and brass, and which 

the nickei solution has no tendency to remove. If 

the ojtide covering is not removed, the nickei piale 

will come off, or Strip, as it is called, while the 

articles are being burnished. The final processes of 

nickel plating are polishing and burnishing. J° ^^ 

.\rticles to be plated with nickel are hung in the 

liquid or Bath very much as already described under silver plating. 

When a number of small articles are to be nickel plated they are often 
suspended in a string from the same wire. Fig- 
ure 329 shows the manner of suspending screws 
in the nickel bath, and Figures 330 and 331 
show the manner of suspending bicycle spokes 
and chains. 

Figure 332 shows the form of a vat generally 
used in nickel plating. Nickel plating vats are 

generally larger than those used in silver plating. It is particularly im- 
portant that no organic (non-metallic) impurities be allowed in a nickel 

bath, as these ruin the quaUty of a 

nickel dL" posit. 

379. ElertrotypingandCopperPUt- 

ing. — Electrotyping is a process of 

reproducing type and woodcuts and 

other illustrations by means of an 

electroplating of copper, which is 

used in nearly all large printing es- 
tablishments. In electrotyping, an 

Impression or mould is made of the 

type, which is set up as for printing. 

This mould is usually made 

hard upon the type. 



Fig. 331.— Small Chain 
prepared lor 
PUlIng Balh. 




A A. 

Rods from which Nickel Anodes 
may be suspended; Zf. Rod Irom 



soft paper pulp by pressing it 
After the surface of the mould is properly 
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rimmed it is coated with line plumbago or some similar caoductor, 
s carefully brushed over it, so that an electrolytic shell of coj^ 
uy be deposited upon it. 
The Pltimbagoing, as it is called, is necessary because the mould itself 
i-conductor, and the current which is necessary to make an elec- 
rolytic coating cannot be sent through il. Plumbago is powdered 
'graphite, and is a fairly good conductor,' so that a thin coating brushed 
over the surface of the mould enables it to conduct the current. 11111 
prepared, the mould is hung in an electrolytic bath, consisting of a 
solution of sulphate of copper (blue vitriol) lo which a small percentage 
of sulphuric acid is added. The anode of the electrolytic cell is a plate 
of copper, and the cathode is the mould. The thickness of the shell of 
copper which is deposited on the mould varies from that of a sheet of 
the paper upon which this book is printed to several limes that thick- 
ness, depending upon how much printing is to be done from the electro- 
typed Plates. 

When Ihe copper deposit is of proper thickness, the mould is remowd 
from the bath, and the copper shell is separated from the mould. The 
shell is then trimmed, and finally "backed up" by a filling of type 
metal, which is melted and poured upon the back of the shell. Kleciro- 
lyped plates have a great advantage over type, in having a permanent 
form and in wearing much better. As soon as the mould for electro- 
typing is taken off from set-up type, the type may be distributed and 
used again. 

Copper plating is also sometimes used to give a bronze finish to iron 
lamp-posts, gas fixtures, etc., and it is used to make a foundation coal- 
ing upon iron articles which it is desired to silver plate. The solution 
which is used for this purpose is usually the same as that used for 
elcctrotyping. 

380. Plating with Other HetalB. — Plating with other metals than 
those referred to above, such as iron, tin, or zinc, is sometimes carried 
out for special purposes. These require special solutions and peculiar 
care in handling the articles to be plated. Il is even possible to 
electrolytically deposit brass, german silver, or other alloys. These 
I require extreme care, however, in the management of the solutions 
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and the regulation of the electric pressure and current supplied to 
the vats. 

Zine plating has come into considerable vogue of late years as a sub- 
sbtule for Gslvanixing, in which articles are covered with a zinc coating 
by dipping them in a bath of melted zinc. 

381- Refining Copper. — A very useful application of electrometallurgy 
is the refining of copper. In this operation the Crude Copper which 
comes frotn ordinary smelting works with from two to five per cent of 
impurities is refined by electrolysis so that only very minute amounts of 
impurities remain. We have already seen' the effect of impurities in 
nducing the electrical conductivity of copper and other metals. When 
the electrolytic method of refining copper is properly carried out, it 
leaves such a small amount of impurities that the Electnlytic Copper has 
almost as great conductivity as pure copper. 

Copper wires to be used in electric hghting and in the manufacture 
of electric machines are therefore generally made of electrolytic copper. 
It is usual for such wires to have more than 98 per cent of the conduc- 
tivity of pure Copper, The small amount of impurities which do remain 
in electro lyticaily refined copper is largely composed of silver and iron. 

In electrolytic refining, the crude copper is cast into heavy plates 
which arc used as anodes in depositing vats. The solution in these 
vats is copper sulphate with a little sulphuric acid. The catho<ies at 
first are thin sheets of pure copper, but they grow by deposition into 
thick plates of copper which may be worked into bars and drawn into 
wires as desired- The action in the depositing vats is quite similar to 
that which goes on in a copper voltameter. 

Enormous dynamos are used in copper refining works, and a great 
number of tanks or vats, each containing a number of anodes and 
cathodes which are arranged in alternate rows, are provided- The vats 
are ordinarily connected in series, or sets of a number of vats connected 
in series are connected in parallel with each other. The several rows 
of anodes in each vat are connected in parallel, as are also the cathodes. 
The pressure required to pass the current through each vat is quite 
smallj and consequently a numlier of vats may be connected in series 
it causing the total pressure to exceed 100 voits. 
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Sit much success, although there is every reason to believe that it 
Itiraately prove of value in working certain kinds of ores. 
. Electrolytic Reduction of Atuminiim. ^ A most important joint 
alion of electric healing ant! electrolysis is now used in the pro- 
n of the valuable metal aluminum. The compounds of this metal 
Ctimpose an amaiing proportion of the material of the earth's crustj 
tfcey exist in Ihe forms of clay, marl, slate, feldspar, mica, corundum, 
aad many other mineral forms which go to make a part of the 
rock material of ihe earth. These compounds contain goodly propor- 
tioQs of the metal itself, though it is never found in a native metalhc 
Slate; and if all the aluminum in the compounds were recovered, it 
VQuld be found, so it is estimated, to compose as much as one-twelfth 
jiart of the bulk of the earth. 

With all this wide prevalence of the compounds, and a recognition of 
the value of the metal, no commercially satisfactory means of recover- 
ing it from the compounds were devised until very recent years, when 
certain electrical processes came into use. The process which is now 
universally used was almost simultaneously discovered in 1886 by Hall 
in the United States and Heroult in France. 

Aluminum cannot be electrolylically deposited from solutions of its 
salts in water, as the metal at once becomes oxidized at the cathode, 
and some other solvent must be used. In the process of Hall and 
Heroult this solvent is a melted " bath " of the mineral cryoliU, and the 
aluminum compound which composes the electrolyte in this bath is an 
oxide of aluminum, or alumina. Fortunately for the process, beds of a 
reasonably pure, natural aluminum oxide called bauxite are found in sev- 
eral parls of the world. Alumina is also a " by-product " of some chemi- 
cal manufacturing processes. 

In the operation of the process, melted cryolite is put into large iron 
pots which are lined with a hard, baked carbon mixture, and carbon an- 
odes are dipped into the bath. The carbon lining of each poi serves as 
cathode. An electric current of about 1500 amperes is passed through 
each bath, with a pressure between the terminals of each pot of eight 
or nine volts. This represents sufficient power to heat the bath and 

teep the cryolite in a molten condition. 
I The aluminum oxide is dissolved in this bath of molten cryoHte, and 
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the electric current causes ii to separate into its constituents — aluminum 
and oxygen. The aluminum goes with the current to the cathode, and 
lies in a melted condition in the bottom of the pot until siphoned off. 
The oxygen goes to the positive pole or anode, and combines with the 
carbon, which is gradually consumed. After the melted aluminum has 
_^ been drawn off from the pot, it is cast 

into ingots, from which it may be made 
into sheeis, lods, wires, oi other form^ 
as may be desired. 

Many thousands of horse power m 
used in the manufacture of aluminum at 
Niagara Falls, and equally great poweis 
are utiliited elsewhere in the world ; and 
the demand for the metal b growing 
with a truly wonderfiil rapidity as the 
price becomes more reasonable. The 
cheapest aluminum ore, clay, has not 
been made available for use by any 
process of recovery yet discovered. 

The direct current must be used in 
this process, as in other electrolytic 
processes ; and where alternating car- 
rent is supplied, as at Niagara by Ae 
Niagara Falls Power Company, it must be transformed into direct cnr- 
rent by means of rotary transformers before it can be used in the dec- 
Irolytic process. One of the electrolysis vats used by the Pittsburg 
Reduction Company for the production of aluminum at Niagara Falls b 
illustrated in Figure 333. 

384. Smelting by the Electric Arc. ^ The electric arc, such as is seen 
in arc lamps, but very much larger, has been successfully used in work- 
ing ores and producing chemical changes. This application is usually 
called Electric Smelting. The action which occurs in electric smelting 
is mostly due to chemical action set up by the intense heat of the elec- 
tric arc which mehs the ores. It was by electric smelting from corundum 
:iad similar material thai theCowles Company.of Lockport.N.Y., made the 
n which was found in their formerly well-known alununum bronie 
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In the process of electric smelting, the ore, generally mixed with car- 
bon, is placed between great carbon electrodes in a carbon-lined furnace 
built out of fire-brick, or composed of an iron box. 

\ current of hundreds, or perhaps thousands, of amperes is sent 
neen the electrodes, and the heating is so violent that the ore is 
■.ii, or even volatilized, with an accompanying vigorous chemical 



Tbe first use of the high temperature obtainable by the electric arc 
for chemical purposes seems to have been made in some experiments by 
Depretz in 1849. Although several furnaces were made soon after, the 
real impulse to this line of investigation was given in 1880 by a paper of 
Sir William Siemens describing his own work. 

The importance of the resulting developments cannot be well overesti- 
mated. They have already given us calcitim carbide, from which acety- 
lene gas is produced, carborundum, which is the hardest manufactured 
substance, and many other compounds which hitherto could only be 
manufactured at a prohibitory cost. 

385. Calcium Carbide. — Calcium carbide, which is used for charging 
the acetylene generators used for lighting purposes, is made by electric 
smelting. In 1892, Moissan, in France, wrote : " If the temperature of 
the electric furnace reaches 3000°, the material of the furnace itself, the 
quick-lime, melts and runs like water. At this temperature the carbon 
rapidly reduces the oxide of calcium (lime), and the metal (calcium) 
is set free in abundance. It combines easily with the carbon of the 
electrodes to form carbide of calcium, fluid at this heat, which is easily 
recovered," This statement gave to the world the discovery of a valu- 
able process for which Moissan probably deserves fiill credit, though 
Thomas L. Wilson, of the United States, is supposed to have made the 
discovery at about the same time. 

To make the carbide, powdered lime and coke are thoroughly mixed 
and placed in an electric furnace similar in principle to that described 
in the previous article. When the mass is brought to a sufficiently high 
heal, the calcium of the lime combines with the carbon, forming calcium 
carbide. This carbide, when put into water, decomposes, and acetylene 
gas is formed. 

386. Carborundum. — This product of the electric furnace takes I 
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place with emery and corundum as a grinding and abrading material on 
account of its extraordinary hardness, tt is a chemical combination of 
carbon and silicon, called silicon carbide, which is made in the electric 
furnace by fusing a mixture of clean sand and powdered carbon. Upon 
cooling the furnace, the carbonmdum is found in beautiful masses of 
lustrous, dark crystals. The character of the furnace used in its roaaa- 
facture does not differ greatly from that described in the preceding 
article. 

387. MiscelUneous Applications. — The applications of electrolytic 
processes and electric smelting are becoming very widespread, and ate 
rapidly taking on an aspect of the utmost value. Electrolysis is being 
used in the large cotton mills and paper mills for the production of 
bleaching solutions; it is used in certain establishments for cleanitig 
metal products, and, on the whole, its value as a process in manufactur- 
ing has apparently only begim to be appreciated, and the most rapid 
extension of its use may be confidently predicted. The rapid extension 
of electric smelting to the treatment of numerous metal ores and the 
manufacture of additional chemical products may be anticipated with 
equal confidence. 

388. Electric Forging. — In some of the preceding articles it has 
been shown that the heat that may be developed from electrical sources 
is of great service in metallurgy. It is also applied in many simple 
processes, such as welding metals, cooking, etc. 

The use of the electric current for heating and working metals b not 
new. As early as 1865 patents were issued relating to the subject; 
but on account of the great expense of the current generated by 
batteries, these early endeavors came to naught, and not until within 
a very few years has electric metal working been made an actual 
success. It was as late as 1888 before electric welding was applied 
to commercial uses, but immediately upon its introduction it came 
rapidly into favor, and even created much excitement among some 
manufacturers. 

Electrical methods are now used for welding, brazing, heating, shap- 
ing, and tempering metals. For most of these purposes the method in 
common use is to pass an electrical current of very great volume through 
the metal to be worked. This great current generates sufScient heat ai 
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it passes through the resistance of the metal to quickly raise the tem- 
perature to a welding or bending heat, or even to melt the metal. This 
method of heating has an advantage over the ordinary method of heat- 
ing In the forge fire, which heats a piece of metal from ihe outside, 
"hi!e ihe electrical method heats all parts of the metal equally and at 
the same lime the metal remains perfectly clean. 

The apparatus which is used for heating usually consists of an 
alternating current transformer, which reduces the line pressure of an 
aUemating current to 
one or two volts, or 
even less, and in- 
creases its I'olume pro- 
portionally.' A wdcler 
transformer is shown 
in Figure 334. The 
grooved copper cast- 
ing shown in the figure 
is the secondary coil of 
the transformer, which 
has only one turn. The 
primary winding, made 
up of numerous turns 

of wire, is intended to F"^- 334- - Allemaling Curr^l Transtoimer of -niomson 
,. . ' , , Electric Welder. S, S, S, Copper Secondary Coil; C. 

he in the groove of Lamimted Core ol Transformer. 

the secondary, while 

the core, which is seen enclosing one side of the secondary casting, 
embraces both coils. At the top of the secondary casting are shding 
clamps in which the metal to be healed is fastened. 

Electric welding, as ordinarily carried on, consists of healing, by the 
process above described, the pieces of metal lo be welded while they 
are firmly butted against each other. When the metals have been 
heated till they are soft at the points in contact, they are squeezed 
together a certain amoimt, the current is shut off, and the weld is com- 
plete. This is the process developed so usefully by Professor Elihu 
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.ught Iron. 


Cast Copper. 


Cast Brass. 


German Silver 






Lead. 


Gun Mclal, 


Silver. 


Phosphor 


U,=«bU Icon. 


Muahct's Steel 




Platinum. 


Br,in«. 


riuus grades 


Stubb's Steel. 




Aluminum al- 


CM (pure). 


>f Tool Steel. 


Crescent Steel. 


Cobalt. 


loyed with 


Manganese. 


rioM g..d« 


Bessemer Steel 


Nickel, 


Icon. 


Magnesium, 


.< Mild Slccl. 


Tin. 


Bismuth. 


Aluminum 


Silicon Broaa 


cl Castings. 


Zinc. 


Fuse Metal, 


Brass. 


Coin Silver. 


'.jmc Si eel, 


Antimony. 


■I>pe Metnl. 


Aluminum 


Various gtad 


...uglM L'ojipei 


Wrought Brass 


Solder Metal. 


iiron«. 


of Cold. 



Again, many of these metals may be weUied to each other in com- 
binatioo. The combinations which have been made are shown in the 
ub!e below. In each of the cases where a weld can be made at ail, it 
becomes practically as strong as the metal itself. 





Combinations 




( ■-.ppct to Brass. 


Tin to Brara. 


WroughHrontoTool 


Wcought Iron 


' .ppet to Wrought 


Brass to German 


Steel. 


Crescent Steel 


iron. 


Silver. 


Gold to German Sil- 


Wrought Iron 


pper lo German 


Brass to Tin. 


ver. 


Cast Brass. 


-ilvet. 


Brass to Mild Steel. 


Gold to Silver. 


Wrought Iron 


ppet lo Gold. 


Wrought Icon lo 


Gold to Platinum. 


German SUver 


i.<>l>|)er to Silver. 


Cast Iron. 


Silver to rUtinum. 


Wcought Icon 


Urus to Wrought 


Wrought Iron to 


Wrought Iron to 


Nickel. 


Iron. 


Cast Steel. 


Musshet's Steel. 


Tin to Lead. 


Brass lo Cast Iron. 


Wrought Iron to 


Wcought Iron to 




Tin ID 7,inc 


Mild Steel. 


Smbb's Steel. 





A very striking application of electric welding has been adopted by at 
least one manufacturer for welding together the parts of street railway 
track materia!, such as switches, frogs, etc., which are ordinarily made 
up by bolting together pieces of rails cut to proper shape. By the weld- 
ing process bolts may be dispensed with, and the work, therefore, is 
made much more substantial. A process has even been developed for 
welding the rails of a street railway track together, thus doing away with 
the usual bolted joints which cause so much roughness in the track and 
require such a large expense for repairs. Figure 336 shows a track- 
welding outfit. This welder is arranged to work on track which 
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15 only a few inches in length, so ihai the latter path is of much the 

least impedance, and nearly all of the current follows it. The long 

part of the lire, being almost a complete turn, will have a large back 

pressure set up in it 

ring, enough current 

aiay pass between the 

clamps through the 

solid part of the ring 

to heal ii red hot, but 

liiat does not inierfcri- 

»iih the welding, 

390. Softeaing Ar- 
mor Plate. — An in- 
teresting application 
of the Thomson proc- 
ess has been lately 
made to softening, at 
points where holt holes 
must be drilled, the 
very hard nickel-ateel armor plates which are made for United Sutes 
men-of-war. The plates are so hard that it is almost impossible to 
drill them as they come from the steel works, but by means of an 
electric heating arrangement they are softened at the spots where the 
Iioli holes must be made, without injuring the temper of the other parts 
of the plates. 

391. Arc Welding. — Another process of utilizing the heating effect 
of electricity for the purpose of welding and working metals, is that 
known as the Arc Process. This was first used by De Meritens, a 
Frenchman, and was later more fijlly developed by a Russian named 
liernardos. In this process, a continuous current is used at a pressure 
of about 150 volts, one terminal of the electric generator being connected 
to the metal which it is desired to heat, and the other terminal being 
attached by a flexible conductor to a portaWe carbon rod (Fig. 338). 
When the rarlion rod is brought against the work, an electric arc is set 
up and the metal is heated. 

This device has been used in the t>rocess of filling with metal the blow 
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Whole electric kitchen outfits may be obtained, including an 
range, and they are sure to come into quite common use if their cotj 

becomes reduced to about that of 
coal ranges. The arrangement of 
a complete kitchen outfit is shown 
in Figure 343. 

While electric cooking may be 
said to be satisfactory on accoant 
of its convenience, deanliness, and 
adaptability, electric heating for gen- 
eral purposes can. never replace the 
direct use of coal or the use of 
steam heating, untQ electricity is 
directly generated from the fad or 
its equivalent without the interven- 
tion of steam engines in which en- 
ormous losses of heat cannot be 
prevented. The nature of steam 
engines makes it impossible, even 
with the best of them, to convert 
into useful power more than 10 or 
15 per cent of the heat energy con- 
tained in the coal which is shovelled 
into the boiler furnace. When the steam generated by the boiler is 
directly used for heating, a very much greater proportion of the heat 
in the coal is converted to a useful purpose; in fact, this proportion 
may be so great as to lie between 60 and 80 per cent. 

QUESTIONS 

1. What is electroplating ? 

2. What metals are generally used in plating ? 

3. What is the history of electrometallurgy ? 

4. What is the salt of a metal ? 

5. What is nitrate of silver ? Cyanide of silver? Cyanide of potaasiam ? 

6. How m.iy nitrate of silver he made ? 

7. What kind of vats are usually employed in silver plating ? 

8. Why must the anodes in a plating vat be of the same metal as the [date which 
is deposited ? 




Fig. 342. — Electric Smoothing Iron. A 
is point of attachment of the conduct- 
ing cord to the electric circuit. 
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g. Vibf is niliate of »ilver not used for silver plnting aoliitions ? 

10. Whai ii ihc best solution fur silver plating ? 

1 1. Hort may cyanide o( silver he mmlc ? 

1 1. Lpon wh«l diws the ijuiiltj- of the electrolytic deposit of a metal depend ? 

13. What is the eHckt upuu a EJlver dcpOHt when the lurieiit m loo great an 
hen il is tou amall ? 

If, How ate articles cleaned before plating ? 

15. irow ire the inaides of silver arliL'lw gilded ? 




k-.J. 343--E1 
Upon what hose metkls is nickel usually plated ? 
Why is nickel used instead of silver for plating 
hml ttiage ? 

IS. What solulinn is used for nickel plating ? 

19, What elTect on nickel plating is caused by the pre 

I bath? 
For what purpose is electrotyping used ? 
Vlhy are electrotype mouUs plumbagoed ? 
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CHAPTER XXIII 

ELECTROMAGNETIC WAVES; WIRELESS TELEGRAPHY; 
ROENTGEN RAYS 



I 



wist Lnwnrciai 4 mphtuoe 



3M. Water Waves or Vibrations. — ^Vhen a pebble is thrown into a 
pond, waves of water ripple away in ever widening circles, and the waves 
travel outward in all directions along the surface of the water frotn the 
place where the pebble strikes. The crest of each wave travels onward 
until it is either broken upon some obstruction, as the pond banks, or 
is dissipated by the friction of the water itself, when its height becomes 
so small as to be no longer dis- 
cernible. The distance between 
the crests of two adjacent waves 
is called the Wave Length, while 
the difference in level between the 
crest and trough is called the Am- 
plitude of the wave (Fig. 144). Fig. 344. — Illu^iranon of Amplitude and 

,, , ,. - .L J .L Wiivc l^nelh of Wavei on the Sur- 

If a log lies in the pond, the bee of Water 

waves will break upon it and leave 

comparatively still water on its farther side (thus creating what may be 
called a water-wave shadow), though the waves which pass the ends of 
the log will lend to spread out and fill the shadow s|)ace. 

If a second set of waves is created, they may interfere with the motion 
of the waves of the first set by striking against them, and the waves of 
the two sets then become entangled and broken up. This is called 
Interference of the waves. However, if the water is struck at regular 
intervals by a rod or a paddle, a certain rate of strokes may be found 
which will produce a series of waves which do not interfere, btit which 
move ofT regularly and strongly. It will also be found that the wave 
length is dependent upon the force and character of the stroke. 
45S 
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'•ved, therefore, that there is 
triiDsmitting medium. This 

as we usually consider it ; but 

iLj set into vibrations or wave 

tc caused to vibrate by gently 

•light to pervade everything and 

h as our bodies, is supposed to 

i«>ms, and the ether is all about, 

irticles. When we move about 

Move through it, as the ghost of 

ough walls and other obstructions 

from one place to another without 

set vibrating if an object is heated. 

ure thought to be set into rapid vibra- 

jt^ waves in the surrounding air and 

ward a hot object, your hand feels the 

■V the mechanical heat waves in the air 

- ..v.* body is heated until it is white hot, 

^re generated by the vibrating particles, 

light when they strike against the retina 






ted by electric or magnetic disturbances. 
iuctors at a distance, electrical activity is 
believed 

f 



jmagnetic 





Fl«;. 346. — Jelly .-\n:il(^giic of Electro- 
magnetic Induction. 



analogy of 
Say be con- 
is in a plate 
: if one pin 
>rate, a wave is set up in the jelly which starts 
in the same way. In this way mechanical 
Jie jelly waves from one pin to the other. 

a Article 132. 
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Or ve vaj ctmrpiBV the efiect of the ether waves to the sound «ii 
«feic& axj be Kt op ia the air. When a pereao q>eaks, waves are set 
mf B tfac air vfaidi strike opon the car dntm, causing it to vibrate ; thii% 
t tfae nerves of heamg. Again, if one floating block t^ 
p and daws in the water so as to set up waves Jn tb(r 
< ta on adjoining part of the pond receives an np udj 
B Ifae waves reach iL 
1W ether mm my in fmiucncjr bom several thousand tnllkia] 
paodi pa BfilT to, possibly, one hundred million periods per Kcontl, 
ir hsB ; ami tke wave lengths vair from a few miUionths of an inch in 
^gA (fcoH cast lo cnst) to srt-eral feet or yards in length. Tie 
nves al tnnc^ so b as is known from experimental Infesiigaiion, ai 1 
iS6,ooo miles persccond. This dbtance is almost sms 
i the circnmfeTence of the earth. The ether waves of 
I wa«c length can be detected only by the chcmial 
I vltea Ihey strike upon certain sobstsnces ; sMC 
i by ibc eye, as light ; still longer ones bt&m 
e cAeci; and the longest create the decuw 
a widi which we are to deal in the following articles. 
t— In 1M4, Oerk Maxwell, one of llw 
s of the world's hisior)-, showed by a biiHi^o' 
a that it ought to be [Kissible to create eilicr 
S bf ekea i uJ dia f b inccs.' The experimental proof of Maxvdl'i 
smM Ibrthcoming until 188S, when Heinri^ 
r, actually produced such waves by an equiOr 
s (IBM cxmed on in the bbotatoty. B'i 
s fay passing sparks &om an induction ccd; 
I two {nfi^ed knobs. An apponitns for ihs- 
■aOKillMar, is illnstrated in Figure J47. Inj 

■ Ae rfcM»i.trriirj>Lt ol thr cdtrr. and eVFii its eiistM««! 

BiesI bfpolheiB. the iraib «fl 

to eig c lromagnetic radtitW 

a acoqNiscc of (he aba theoria '■ 

1 dear phfaiail ratK«pb(iK A 

r.«hfcli we m({ 

d fiwn win Btarays 







. — Tninsmillcr far Wirelsss TeUgraphy. 
yt. Induction Coil; £. Spark Gap; C. C Coo.- 
denaers: D, Telegraph Key. 
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this figure, A is an induction coil for getting a high pressure, and B is the 
=p.irk gap. 

When a spark passes across the gap, B, it looks like a single flash, 
but in reality the electric discharge flies back and forth across the gap 
many times with inconceiv- 
able rapidity (possibly at the 
rate of one hundred million 
limes per second, or even 
more). This makes a rap- 
idly vibrating or alternating 
current which gradually dies 
out, as illustrated in Figure 

348. The effect is analogous 
to the mechanical action of 
B spiral spring which has 
been compressed and then 
released. When the balls are charged to a high difference of pressure, 
we may consider that the medium surrounding the balls, which is called 
ihe dielectric,' is under an electrical pressure or stress; and the pass- 
ing of the rapidly vibrating spark occurs when the dielectric is relieved 

by the spark breaking through, and the 
electric current surges back and forth hkc 
the spiral spring when it is released. 

Now these vibrations of electricity, which 
really pass through the entire apparatus, 
are capable of setting up waves in the ether 
which pass out in all directions, but more 
strongly in a direction at right angles to 
the spark gap and the wings CC (Fig. 
347}, The ether waves which are created 
in this manner are called Electromagnetic 
^ Waves. To detect these waves, Hertz used 

a ring of wire containing a small spark gap, such as is shorni in Figure 

349. When this Resonator, as it is called, is held so that the ether 
waves pass through the ring, electrical vibrations are set up in the ring 

1 Article aS. ^ 
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and are indicated by small sparks pissing across the air gap. Tie 
effect of the oscillator on the resonator may be compared to two luning 
forks of the same pitch which are placed 
at a distance apart. When one htk d 
set to vibrating, the air or sound waves 
beat upon the other and set it also to 
vibrating. This may be perceived by 
carefully examining the second fork a 
short time after the first fork is set 10 
vibrating, when it may be readily noticed 
that the second fork is vibrating. 

It is necessary to have the two foria 
Fig. 349.— Heriiian Resonator or of the Same tone or musical note to 
&b« Wave Indioior. s, Spark g^j this effect in its fiillest power. The 
second fork vibrates because the sound 
waves beat upon it at a rate which is equal to the natural rate of vitia- 
tion of the fork, and each impulse from the sound waves adds to the 
preceding impulses. And just so it is necessary to have the elecuic 
oscillator and resonator timed together, so that the resonator m»j 
naturally respond to the e/A^r wavfs projected upon it by the oscilluot 
in a manner that is analogous Id that with which the second tuning ibit 
responds to the souiu/ waves projected upon it by the firet fork. IfoM 
swings in a hammock, it is desirable to give the pushes which canse die 
hammock to swing (vibrate) at the same rate at which the hammock il 
going back and forth. If the pushes are given at any other rate, ia^ 
tend at intervals to stop the motion and at other intervals to hdpK; 
that is, there is inUtference. 

The natural rate of electrical vibration of the resonator or csclllator ii 
dependent upon the dimensions of the conductor composing the instru- 
ment, and an adjustment may be effected by changing the sizes of ibf 
wings, CC, on the oscillator (Fig. 347), or the resonator ring (Fig. 349)1 
until their rates or frequency are the same. 

It has been learned by experiment that the electromagnetic Ctbei 
waves can lie Reflected, Refracted. Polarized, etc., just as can light w»vt* j 
or heat waves, which clearly indicates the close alliance of the different I 
kinds of radiation. 
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inTeless Telegraphy. — The ether waves may a 



In the figure, .4 is a small 
I it at either end, but between 




i called a Coherer {Fig. 350). 

ibc with metal rods projecting 

ds of which there is a small 

This space at the centre is 

illcd with metal filings, prefer- 

silver. The electrical resist- 
irough these tilings is ordinarily 
thousand ohms, but when prop- 
aed ether waves from an oscil- 
rike upon the tube, the fiUngs 

or stick together, thus reduc- 

■ resistance to a very few ohms. The cause of the cohering is 
;d to be due to the particles of the filings being drawn together 
trostatic or electromagnetic attractions set up between them. 

e circuit of a battery (composed of a cell or two) and a relay' is 
ted through the coherer by making cotuiections to the two metal 
rods at the ends of 
the coherer, the relay 
may be so adjusted 
that it will only work 
when the resistance 
of the circuit is low- 
ered by the coher- 
ence of the filings. 
If the relay is made 
to work a local circuit 
containing a sounder,' 
this sounder will click 
whenever the proper 
waves from an oscil- 
lator strike the co- 
herer. 

■ the filings have once cohered they will remain so unless they 




- Diflgrar 



airgraph Receiving 



□ apart 



therefore, a second electromagnet is usually placed in 
1 Article 99B. 
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of a concave mirror, the rays meet at a point, and thai they can ht 
caused to heat a piece of metal located at the point lo a white heal. 

These rays apparently cannot be induced to come through the glas 
waits of the tube, but Dr. Philip Lenard in 1S93, following a su^esUta 
of Hertz, induced them to pass through an alttminum window which he 
inserted in the glass walls. Lenard discovered that these extensic 
the cathode rays act upon a photographic film, and in other KSptOs 
perform in a most remarkable manner. 

It is now thought that the cathode rays consist of very minute fl)4f 
particles of matter — much smaller particles than those we ordinal^ 
conceive as atoms. These are presumably shot off from the cal 
by some unknown electrical action, and travel away with a speed dM 
is perhaps one-twentieth as great as the velocity of light. The fljfiilj 
particles, or " corpuscles," as they are named, carry negative chugCf 
of electricity. The explanation of their production and characters 
still very obscure and must remain little better than a happy guess 
additional experimental knowledge of Ihem is obtained. 

399. Roentgen Rays. — William Konrad Roentgen took up the stw^> 
of cathode rays in the fall of the year 1S95, He then held thechaitot 
physics in the Utiiversitr (t 
Wlirtzburg in Bavaria, wi 
was well known in Gtimaf 
as an original experimentcT' 
in physical science. Ob 
Nov. S of that year he ww 
experimenting with a well- 
exhausted Crook es lobe 
(Fig. 354^ which was cov- 
ered by black cardboard, so 
that no ordinary light could 
pass from it to the room. 
Near by lay a sheet of pap« 
covered with a chemical com- 
pound which shines when 
Cni'stals of ihc tungstate of 
calcium possess this property, which is called Fluoreecence. Profesxv 




struck by ether waves of high frequency. 




ROENTUES RAVS 

noticed a. peculiar line occurring on this paper while the tube 
ting, which indicated that something like light proceeded from 

and cast a shadow upon the paper. An investigation showed 

effect was due to an hitherto unknown radiation proceeding 
• tube, and Roentgen or X Hays were discovered. 

rays or waves of Roentgen are apparently created where the 

rays of a Crookes 
ike a solid object 

glass walls of the 
S the cathode rays 
ssed upon a bit of 

: Roentgen waves 
iiatc from the sur- 
the metal. Figure 
lOws diagramtnali- 
e cathode rays fo- 
upon ^ch a metal 
ind the X-tays, A'. 

downward. The 
lown in the figure 
■pical form, though 
; now made of va- 
zcs and shapes. 
,^en found that 
t raaterials held 
1 the working tube 
fluorescent screen 

called a fluoroscope — greatly differ in their transparency to 
Heavy (that is, dense) metals or materials, such as line or 

general cut off the X-rays to a large extent, and thus ca^t a 
on the fluoroscope, while light materials, like wood and aliimi- 
em to be transparent to the rays, and to cast almost no sh.idow. 
1 hand is held between a fluoroscope and a tube, the denser 
:ast a distinct shadow, and the flesh casts scarcely any. In the 
By, silver money in a pocket-book casts a dense shadow, while 
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Ihe leather book casts very little; and nails drive" 
make a black shadow, while ihe wood is lig^^ ccje^' 

Having investigated the rays by the use of ^ g-gcted i*J 
a photographic plate and found ihal the rays ^^^ beO^ 
manner as light. Therefore, when the hand '^ ^ bone*. ' 
and the plate, a " radiograph " is taken of l^^ ^^eS *' 
Besh parts showing very mdislinclly, while > ^^ f jgi"' 




- Radiograph o( a RaL 



in hospitals, with its ba-^^^^T' ' 
chair. The patient is »^"''' ' 
of his chest. Snch pl'"'^"'''!.. 
fractures in the bones, ' 
in the fJesh, and othar '■ 




m 
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f ..re lor. 371; testiae. 419-431- 

'.umo. 313: ouF-cDil. 114-915; 
I. -rnrne, »j6-ai7i dnim. Xi8-ai9; 

I aSj; »qitirTel-™ge. J70; effect of natst- 
■nce of motor, 3»3-3!i4; of rcoordim 
lelegraph rqrislcr. 33»-34t). 
^^not plaie, sufltning, by electric hBaMng. 

■i=;mic needles. 159. 
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between two bodies is matoa], 77; mutoal, 

of electric circuits, 154. 
Austral fluid, Coulomb's, 7a. 
Automobile, electric, 333. 

B 

Ballistic galvanometer, ao8. 

Bar magnets. 68. 

Base of incandescent lamp, 285-286. 

Battery, 28 ; connected in series, 33 ; bichro- 
™*te, 37-38; gravity, 41-43; Daniell's, 
42; dry, 43-44; primary, 45; storage, 
46-47; secondary, 47; where valuable, 
46;* the testing, 177. 

Battery cell, see Cell 

Bauxite, 441. 

Bearings, changes in compass. 79. 

Bell, Alexander Graham, 35a. 

Bellows, organ, driven by electric motor, 
320,321. 

Bells, electric, open circuit cells used for, 
35; Leclanch6 battery cell for ringing, 
40; wiring, 364-366; mechanism of, 
366-367 ; single-stroke, 367. 

Berlin, first practical electric railway at, 308. 

Bcmardos, arc welding process developed 
• by, 449. 

Bichromate battery described, 37. 

Bichromate of potash, used in chemical 
depolarization, 37; nitric acid more 
powerful than, 39. 

Bichromate of soda used in chemical de- 
polarization, 37. 

Birmingham wire gauge (B. W.G.) , diameters 
of wires drawn to, 387. 

Bleaching powder, chloride of lime, used in 
chemical depolarization, 37. 

Blood, analogy between pulsating currents 
and flow of, 238-239. 

Blowing of fuse, 405 ; caused by poor con- 
nections, 419. 

Bluestone, see Blue vitriol. 

Blue vitriol, 41, 42, 52 ; used in copper plat- 
ing, 438. 

Bond wires for electric railways, 312. 

Boreal fluid, Coulomb's, 72. 

Brass balls charged by induction, 6-8. 

Break in electric line, 410-41 1. 

Breaker, automatic circuit, 398-399. 

Bridge duplex telegraph system, 348; for 
ocean cables, 351. 



Bronse, alqinhmin, 44^ 
Brown and Sharp (B. ft S.) gjKO^t, 
teristics of wire drawn to, 385-3861 
Brush aro-Ught dynamo, a8o-a8i. 
Brush Electric Company, aSo. 
Brushes, dynamo, 2x3; proper positiao d, 

Bulb "of incandescent lamp, 983-284. 
Bunsen cell, 38-39. 
Bunsen photometer. 424. 
Burning out of dynamos, 231. 
Burnishers, 435. 
Bus bars, 304. 

C 

Cable, importance of capacity of submiriiK, 
26 ; history and description of sulHiianiie, 
349-351 ; wires bunched into a, 377; m- 
derground, 378-382 ; testing undeignnod 
and submarine, 418. 

Calcium carbide, 443. 

Calibration curve ojf galvanometer, i6i-x6t. 

Calorie defined, 109-1 la 

Calorimeter, 109-110. 

Canals of Niagara Falls Power Compaoy, 
299-300. 

Candle foot defined, 427. 

Candle power defined, 279. 

Capacity, electrical, 24 ; of condensers, 25- 
26; specific inductive, 204-205. 

Car, electric, two motors on each, 31a 

Carbon, used for positive plate in bichro- 
mate battery, 37 ; effect of temperature on 
resistance of, 87-88; production of fila- 
ments of, 284-285 ; in microphone, 356- 

357. 363- 
Carbon dust caused by careless trimminsof 

arc lamps, 426. 
Carbon filament lamp, 283. 
Carbon rod, 276. 

Carbon vapor in arc lights, 273-275. 
Carbonate of copper, 51. 
Carbons used in arc lamps, 380. 
Carborundum, 443-^444. 
Cardew, 193. 
Cardew voltmeter used in alternating cur* 

rent measurements, 252. 
Carhait, Professor Henry S., 197. 
Carpet, electrical charge gathered from, 4. 
Carriage, electric, 333. 
Cascade, condensers connected in, 207. 
Cathode defined, 51. 
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45: uw QieieElrochemical,45; inelo 
lydc cells, Si-53: Iheoriei of elcctrol 
SS-61. 

Lgeing of msgneta. 69-70. 

Kit, conducing powera of dry, 

indaclive capacity of, 304-305; oarDOD 
Tapor a belief conductor than, 373- 



Alloj^, conductEDg pow 
pcralure coefficienu 
pi. ling. 43B-A39' 

Alphabei. Morse Telegraphic 
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ame taws as direct current, 336; likened 
loflawof H-aterin lideway, 339-140: 'out 
al phase." 340; lag of. 144, 156-957; 
chemical effecl oF, 346-347; healingeDect 
of. 147-348; meuuremenl of, 249-353: 
ft«jueney and period of. 353; effcci of 
self-induciion of flow of, 353-355; system 
of electrical dismbuiion, 394. Sti alia 



Ampere, Andre Mar 



"as. =36. 335; 
;nedsm, 73, laj, 
e Iniemational, 



Ampere second, 303, 
Amperelurns.delined, 134; retail on between, 

and magnelism. 130. 
Amperemeier. lEo; use5of,iB3; mechuiisni 

of magnetic, 183-135; llie Weslaa. i8j- 

1B7; hoi wire, 189; aliematii^g current, 

190-191. 
Amperemeter scales, 18^190. 
Ampti'lurie of wave defined, 455, 
Animals, conducling powers of,6; electrlcilj 

"'Stent in, 113-114. 
Anode defined. 51, 
Anodes, posii ions of, and calhodes, in eleclro- 

plaling, 434, 436, 440. 
Arago, 139, 336, 335, 
Arc, the eleclric, 373-375: tmelllng by the, 

443-443- 
Arc lamps, mechanism of, 375-378: enclosed, 

378; double, 379-380; operation of, ajB- 

aBo; enclosed, coming into use for out- 



Current. 


door lighting. 416. 


Allemalors, principle of, S45; consiruciion. 


Arc-light lines, wire for, 371 ; lesling. 419-431. 


364-366; inductor, 366: 1" purallel. 367: 


Arc process of welding. 449-450. 




Armature, dynamo, 313; one-coil. 314-015; 


AlBmina, 44>- 






toothed or slotted, aaa-aa3: alternator. 


alenl. 56; as b conductor, 83; wires of. 


365; squirrel -cage, 370: eflecl of resist- 


fiji lighi and power lines, 370; safe carry- 


ance o( motor. 3a3-3»4; of recording 


ing cipacily of wires of, 399; electrical 


telegraph ri^sler, 339-34". 


prodociion of, 44>-443- 






449. 


Amber. 1, 3. 


Asmiic needles, 159. 




Attraction, magnetic, ii-ia, 65-66: force of. 
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resistance of a mil foot of, 90; electro- 
cbemical equivalent of, x66; in Toltam- 
eter, z66: for winding armatures and 
fields, ay>-^i; wires of, for telegmph, 
telephone, and light and power lines, 370; 
data concerning properties of wire of, 
385-387; saving of, in three-wire and 
five-wire systems of electrical distribu- 
tion, 394; safe carrying capacity of con- 
ductors of, 399 ; electrolytic, 439 ; refining, 

439-440. 
Copper oxide used as a depolarizer, 39-^ 
Copper plating, 52-53, 437-43^- 
Copper sulphate battery, 41-43. 
Core laminations, az9->390. 
Cotton, attitude of, when electrically charged, 

toward other substances, 5. 
Coulomb, theories of, concerning magnetism, 

7a. 

Coulomb, the, x»-Z3 ; meter, 003. 

Crater of electric arc, 974. 

Crib, 406. 

Crookes, William, 463. 

Crookes tube, 463. 

Cross in telegraph or telephone line, 410; 
location of a, 415-418. 

Cross arms. 369, 370. 

Cryolite used in reduction of aluminum, 441. 

Current, difference of electrical pressure 
necessary to obtain continuous, 31 ; flows 
from point of high pressure to that of low 
pressure, 33 ; relation between, and press- 
ure and resistance, 83-84 ; effect of, flow- 
ing near magnetic needle, 119-iao ; induc- 
tion, 149; measurement of electrical, i8a- 
198 ; rectified, 214 ; eddy or Foucault, 220 ; 
laws the same for direct and alternating, 
236; continuous, 236-238 ; pulsating, 238- 
239; electric flow compared to flow of 
water from pumps, 241-242; product of, 
and pressure, 248-249 ; effective, 249-250 ; 
effect of self-induction caused by magnetic 
field created by, 255-256; small, used in 
telegraphy, 339; earth, 414; in electro- 
plating, 433-434. See Alternating current 

Current electricity, 3. 

Currents, electric, exist in muscles and nerves 
of animals, 114; direct, 241; polyphase, 
268-269. 

Curve of magnetization, 129-130. 

Curves, of magnetization of soft iron, 130-131 : 



penneabflity, of wroiight inu, wob im 
caatingt, and cast iron, 139; caiSbaAm, 
of a galvanometer. z6z-i6s; of polalfev 
cozrent, 936, 046, 247; of altemaliBf c» 
rents, ^39, 040, 942, 947, 948. 049; dkg 
in alternating currents, 956, 959, flfo; h 
ilhistzate currents in two-phase spm^ 
968; in three-phase system, 968; cumD^ 
power, 979 ; kMd, of electric light Mdm, 
3Z5-3Z6; starting current, jzS-jip; 
cyanide solutions, 439, 436^ 



Daniell's battery, 4Z-49. 
D'Arsonval galvanometer, z6o, i6z. 
Davy, Sir Humphry, 129, 335; exhiUtkaoi 

electric arc by, 973. 
Dead4>eat galvanometer, z6o-z6z. 
Declination of magnetic needle, 65, 79. 
Decomposition of electrolytes, 53-54. 
Demagnetization, 68-69. 
De Meritens, arc welding process first and 

by, 449. 
Density, magnetic, 78. 

Depolarization, of electric battery cell, 34* 
365 ; mechanical, 36-37 ; chemical, 37- 
41; electrochemical, 41-43. 

Depretz, first chemical use of electric arc 

by, 443- 
Deptford Central Station, London, 381-38S. 

Dial pattern of bridge, 175. 

Diamagnetic materials, 67, Z33. 

Dielectric defined, 25, 459. 

Differential duplex, 344. 

Diffusion of two solutions, 43. 

Dioxide of manganese used in chemical de- 
polarization, 37, 40-41. 

Dip needles, 64-65. 

Direction, of magnet in magnetic field, 77; 
of field around electric current, 12a; d 
induced pressure in moving wire, 142-14} 

Discharging storage battery, process of, 46. 

47. 48. 
Distribution of electric power, 382-388; 

scries and parallel systems of, 390; 
multiple series systems of, 391; three- 
wire system of, 391-393 ; five-wire system 
of, 393 ; alternating current system 01394* 

Divided circuits, laws of, 95. 163. 

Divided wire bridge, Z76-Z77. 

Drop, in conductors of parallel lighting sys- 
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Feeders, in parallel-running electric stations, 
504; in distributing S3rstem of electric 
plant, 38a; arrangement of, and mains, 
for large buildings, 406, 407. 

Fibre for needle support, 158. 

Field, Cyrus W., 349-350^ 

Field of force, magnetic, 75. ^ 

Field magnets. 221. ^ 

Filaments, production of carbon, 284-285. 

Fire, risk of, from ground returns, 371-372. 
See Unden%riters, rules of. 

Five-wire S3rstem of electrical distribution, 

393. 
Fluorescence, 463. 

Fluoroscope. 465. 

Flux, magnetic, defined, 78. 

Foot pounds defined, 104. 

F<M%e, coercive. 69; exerted between two 
magnetic poles. 74; lines of. 77 ; of at- 
traction or repulsion between two bodies 
is mutual, 77; magnetomotive, 78. See 
Electromotive force. 

Forging, elfotric. 444-451. 



Generators, dynamo electiic, j«r Pynamai; 
magneto electric, see Magnetos. 

German silver for resistance bones, xp. 
See Alloys. 

Gilbert, Dr. William, i, 2, 63. 

Gilding insides of vessels by electricity. 4361 

Glass, attitude of. toward other substencen 
when electrically chai^ged, 5 ; condoctiii; 
powers of, 6; effect of temperature 00 
resistance of, 88 ; specific inductive cspa^ 
ity of, 205 ; used for insulators lor dec- 
trie lines, 374-375. 

Gold, value of, as electrochemical equivalent, 
56; rank of. as a conductor, 83. 

Gold leaf used in electroscope, zo. 

Gold plating. 436. 

Gordon, J. £., quoted, 29Z. 

Gramme, 212, 2x6. 

Gramme, definition oC 57 ; armature, aifr- 
2x7. 

Graphite, relative conducting power 0(61 

Gray. Dr. Elisha. 349, 352, 

Grids dtfint'd, 48. 



Forming, process of. in construction of lead Grotthus. theory of electrolytic dissodation 



cflls, 4S. 
Foucanlt cum'n;s. 2 jo. 203. 
Franklin. IWni.inun. theory of. concerning 

electricity. _»: tlomonstratcs iiiontity oi 

electrical ».ii>vh.iri;t'> and i:ghtn:nj:. 23; 

electric chimes mv,.'ntevl by. 50-00. 
Frei|uency ot a'ternaf.r.j; curreni. 2>^. 
l'\ir. attituile tow aid other substances when 



of. 58-^. 
Ground detector. 421-423. _. 
Groumi plates of telegraph line, 339. 
Ground return, in telephone circuit, 362-363; 

risk of fire from, in electric light drcuit. 

371-372. 
Ground cf telegraph or telephone line, 410; 

location of a. 415-4x7. 
Grove's eel'., 3S-3g. 



eVctrically charged. 5. 
Fust\ electric light. 407-40S : Edison plug. ijLiarta-percha. attitude of. when electrically 

4v\>. I charged, toward other substances, 5; 

Q ^ spec:iic inductive capacity of, 205; for 

Gains. 3>j. insu^itm^: ocean cables, 350. 

Galvani. 2 J : d:s^\"»vers ph biological effect of Guy. telegraph pole. 372. 



e.ect::o current. 1x3-114. 
GaAav.Jc ba:t.-:v. ;2. 
l.»a' van '.::•*»:. j^j. 
liaAanoMUtcr. l5^-l^3; sine. 157: tangent. 

In"; retliVtifs J'^'-i^^^ P Arsonva i^.-^ 

IM : svn>;ar.: v^t t':e. lc:-^^2; b.v :*::>. 

A.>S: use ot a dyva:r.o. 30^. s;'r.s v.vl'. :- 

v»a>. xv;;\""'.i .» v*- e.'c:::.:!) rvu^l.ly c^u:val-a: 

to V .iNc \vt 0!. 13. 
vlavs!*e: 4;. 
liciv>;i", p;;;«p. j<?4. 



Gymnotus. capabil:t>' of, of delivering elec- 
tric shock. 114. 

H 

H.i"... discoverk- of elecrrical process of refin- 

irg a-Tiir.um l?y, 441. 
:i-.'.-.:. enVvt cf. on m.ignex. 60-60: effect of, 

cr. 7ts:s:arc- ot mater als. S7-SS: pro- 

vi-,*-. .: ty c-rren: p-\<i:ng through a wire, 

izz :n Ar:r.i:ure cores due to h^teresis. 

^.i^,- . Ausrs ■ I'urning out" of dynamos. 

-;; ■- rji-.-ci by alternating current. 

.^'-2^5 . .:gr.: produced by means of. by 



ig ibrough viie, aSi ; caused 
in iDcandescenl dicnils by poor connec- 
Dons. 41S-419. Stt Therm o-eleclriciiy. 



roult, discovery or electriol process of 

reining aluminum by, 441. 

nt. Heinrich. production of elcdiomag- 

waves by, 458-460. 

kclrio, am. 323. 



Hoiit. ci 

Holuio 

HoRe-power defined, 105. 

Horx-power hour (H.P.H.). 105, alt 

Kursahoe magnels. 6S. 

Honcshoe cleclromagnels. uS. IZ). 
Hot wire eleclrical measuring 

189, 25o-iisa. 
najt WBtlmeter, aazsca. 
Hughes, D. E„ 356. 
Hydrogen, value of, as elrclrocbe 

•raler. 57-58 ; ptoporiLon bei 
and balk ol, compared wilb 
eteclrochemical equivBlcni a] 
Hydrogen gas, created in elei 
cell, 34 ; amount of. liberalei 
irolyie, 45. 



«ygen, 58 ; 
166. 



Hysi 






,130-131; 



Iltui 



ire of distance from lighl 
of. 41&-49B : rule fi: 

die feet, 437; lullable forreadmg. 427. 
ing by simple, 434. 

Impedance, eleclrical, 155-357, 448. 

incandescent lamps, mcasuremeni of power 
used in, afio; invention of. 083-383; en- 
hausting, 183-384; paiallel and series 
connections (or, uompnred. 386-987; 
effect of change of pressure on, 388; 
multiple series system for. 391: used in 
testing arc circuits, 490-421 ; in testing 
coiutant pressure circuits, 431-413. 

tnclina'ion of magnetic needle, 79. 

India.nibber, atlitude of, when Electrically 



Induction, charging bodies by, 6-7; electro- 
scope charged by, ID-Ii; tnagnetiong 
by, 66 ; electiomagnetic, 13B-154 ; mutual, 
149; electromagnetic, lor intensl^ring 
effect of Ieicplionetransmitler,3S7; eleo- 
lagnetic and c' 



ss tallt b< 



Indue 
Inertia, eleci 



coils. 



149-151; 



lelephon 



of [elegmph and telephone wiies, 
; of electric lines. 374-376; of 
id power cables. 3S0-383; cause 
□ quality ol, 398 ; : 



healed red-hot or melted. 88; for tele- 
phone cables, 305; (or bell wire, 364; 
glass telephone. 369,370; porcelain. 375, 
376. 395. 39^ ; fibrous. 376. 

nlensity of cailh's magnetic field, 79. 

3ns defined. 51. 

ron. value of, as eleclrochetnical equivalent, 
56; mast strongly magnetic material 
known, 67; coercive force of, 69; rank 
of, u a conductor, 83; magnetic perme- 
ability of, 139-133; residual magnsliim 
in, 133; losses in imnsforracrs, 362-363; 

ri-pta™ 






Loop mnhod fbi locaiing fault hi «] 
line, 11^17. 

Losj, bystereMS. 130-131. no; oT pre 
in puatlel-M^liring iyswms. aSS^ag 
ponrer in bellme and ihnlting.jaB, 

Losses, Iruufoimet iron, 369-36}. 



Muhincs, for generating tleariatj. It«: 
arc-lighting. aSo-aSi; cutlitig out «< s- 
""t. 305-307- Si/ Dyimmos, MoML 
Uagnet. derivation ol ihe word. 63; vW- 
Son ol, 69; ageing of. 69-70; bmiDHEd, 
?t; tonlinuous motion prodaMd i, I7 
eleclric current, 138 ; dynamo field, m; 
diSerenliai. 377: series, 177; of BcUcb 
phone, 353-354. 
Uagoelic vane instrumeDi. ijo-igi 1 iibI ta 

^ C -. sllemaiing current meaiumneiili, i;). 

K'Afeir i»«giietism, nature and prc^fiieni(.4)*; 
temporary and perniancDt.^; uOkA 
66; llieories aboul phenomena d;j»fl! 
Amptre's theory of. 73. iij; thMitk- 



UacBclile. 63. 

Ma«*«u»lioo. cur*e ol. lag-ijo, 

Uapwtomotin lotci:. jS, 

'3* 3S7; 'olephone, M3; brire- 



; bar and heiMsliC 



&4I9- 
. artificial. & 
6B-, comrolliDg. < 
peiTO»aeni. 6>r amperemeiei*. iSj-ii?- 
'u:ts, in dDTributiag system tA drdnc 
>14S^333; amngcment otondMU 
*x hagr bmiitngi. 406. 4 




«>a<ifc aoton ta, SIMP 



^^^V INDEX ^M 


WllB«n,4«9. 








Clerk, iiecepli Weberi theory con- 


calcium carbide. 443. 


g magnelism, 73; on eleclromag- 


Molcculo, magnelic, 73-73. 


netlia. a44; deroanslralet possibil- 






Morse, S. F. B.. 335-336. 


mcdi.ofcuitenis amlpreasures.iBa- 


Morse alphabet, 337, 310. 


□r electric pressure by compaiiHin, 


Motors, elcetric. iKii-M5i al 


97; of electric power. KJO-3Q4: of 


030-331. 309-310: Iron-cla 


ire of static charge, 304; ol capacity 


chronous, 367-368; induct 




usesofslallonary,3i9-3aa: 


Aiing electric pressure, 349-35°: "^ 


trie pressure of. 333-333; «l 


r in altemaling circuit. 150-161 ; 


rheostat of. 324-327; Staili 


»er used in iacandesceni lamp, a6o; 


ping, 337-328; reversing, 


or WceUjr, of trunk telegraph or 


manufactories, 329-333. & 


Nme lines, 41a; at candle power, 






Mouldings (or carrying electii 


t, electricity used in, II4-115. 




prefls, defined, an. 


Multiple arc. connection in. 97. 


defined, 178, 


Multiple series system of ele< 




39". 


Df, as B conductor, 83: used for 




Idng vacuum in incandescent lamp 


ir 


*♦- 


Nature of electricity, i-a. 




Needle, magnetic, 64-65; eif 


■3- 


floating mflgneiircd, and m 


Mnide of. when electrically charged. 


elTecl of current flowing n< 


d other Jubilances. 5 ; relative con- 


1I9-I30; supports of, in j 


Ig power of. 6; become charged 


i58;aalalic,t59;gBlvanomi 


dipped in certain liquids. aB; uted 


llirow of galvanotneler. 309. 


Ita'i pile, 30 : conducting powers of. 


Needle telegraph. 337. 


; lalts of, 431: electric forging of. 


Negative charge defined, 18. 


SI ; list of. which hare been welded 


Nemsl lamps. 88. 


Kimson process, 447- 


Niagara Falls Power Compjm 


dison electrolytic, 16S. jBa, 303. 


quency used at. 353; deacri 


idge. 176-177. 


30+. 


ndtieting powers of, 6; specific io- 


Nicltel. value of, ai electroehei 


t capacity of, 105 : as insulator of 


lent. 56; a common magii' 




67; tank of, as a conductor, 


e prefix, defined, an. 


Nickel plating, 436-437. 


peres defined, 183. 


Nickel salts. 436. 


"Is, as. »7. 


Nitrate of copper. 51, 5a. 


«ie. 355-357. 




H defined, 116, 


Nitric acid, used in chemical di 


lltlon of, 90: the circular. 89-90. 


37; should not come in coni 


prefii, defined, ail. 






(ul than bichromate of pota 


t line insulation, 414-415. 


in silver plating, 431. 


■BdeGned, 1S3. 




■U to process ol pasting plates. 


lent. 56. 
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Oersted. Hans Christian, 1x5, zz6. ^36^ 335. 

Ohm, Dr. Georg Simon. 84. 

Ohm, the iniemational. 8d. 

Ohm's Law. 83-^4. 100, loi, 169, 171-172, 
179; modified lor general application, 
244-345; applied to flow of alternating 
currents. 250-257 ; of service in develop- 
ment of teiegrapi-y. 337. 

Oils, conducting powers of, 6. 

Open circuit cells, 34-35; Leclanch* cells 
ore. 41. 

Open-work wiring defined. 399. 

Oscillator. 45$. 

Or>-gen, value of. as elecrrochemicil equiva- 
lent. 56 ; separati^^r. fro:r. acr.iu a:ei: water. 
57-5S ; proportion l-en*i-en we:^'.: and 
bulk of. oon'.pired %k::h hyirogfn, 5?. 

P 
Pacinotti. 2x2. 

P.v.l weldir.s:. 450-45 x. 

«fc..v..: . . . . > * . ■: ^ ^ . ,„: ..-^^r? 

^*" ■■*-■••• •■ «*■. «h •'■ >. 7? • fc - , * 

"x'^V ■■*■ ■'■ ■* ■*-■ •— ^^-•-•. 

•*--* .^5^%.-. , -_■•.. .-5e..rS 



Plants, oondnctxng powers of. 6. 

Plants, electric, derelopment oi^ 991-191; 

in small dties, 397-2198; the Ni^gu^j 

098-304; management of, 3X3-31& 
Fates, of condenser, 35; Faure, 48; Hmi^ 

48. 
Plating, see Electroplating. 
Platinum, a magnetic material, 67 ; rank U, 

as a conductor, 83; used in incandcs- 

cent lamps. a£5. 
Plato, mention of magnet by, 63. 
Plumbago used in cIectrot>ping, 438. 
P.unge battery. 37. 
Poisson, Simeon D^nis, theories oC cod* 

cemxng magnetism. 72. 
Polarization, of electric battery cell, 34; is 

molecules of magnetic material, 73. 
P^le changer. 346. 
Poles, of electric lottery cell. 3a ; of mif> 

neiic needle. 64-65; e\'ery magMlic 

body cortair.s two, of op>posite signs, 67; 

ur.i: m.-igne:, 74. 
Teles, electric ine. 3'5o. 370; erection ci, 

Prr.-f .i:r:. ccr.iurting powers of. 6; used for 
:zsu.i::r> in e.eciric lines. 375, 376, jgs 

r.i'.rve charge ctf.r cd. iS. 
r.iT-.rire r-i"orn bridge. X74; applied to 
! : :p :es: i.-r 1j eating fault in electric line. 



I 

i 






en-.-.:-? of. used in chemical de- 
?n 37 ; nitric acid more powe^ 



i Va : S ...... v" . " . r,. > : .wL e r N ;:■* Y : rk jSc 









■■ K *. 



Aii. 



? V* 



?-:-r.t:i. d:?c:ence of. x5 : cf the earth con- 
*:dir?i as rero, 17; loll of, in circiut. 

r.-::7.u.5 rea::\c. 17-1S. 



•^ ♦> 



Fj-afr dijf.nei. XC5; loss of. in belting and 
f'^arir.p 32c: electrical distribution oC 

rr?*5ur: c cr^ljal 17. 22: of eel: indepen- 
j.ir.' : :' "^ 5: re 5^1-3^: n: acetic. 78 ; M 
e:. il:".c a e:re- : :oo-xci ; relation ot 
--i ehir*:; a-.d csria.iiy in a condenser, 
jrf-a^r rr.-^dur: c: and currem. 243- 
i^- -r-r-i-k-; ii>-::5c: effect of change 
:• .--: :- v.- :■?=..-; n: lanip. aSS; electric 
-;. ..iT 3:>- = :: e:un:er electric 32a- 





^ ^^^1 




INDEX 47S^^| 


.;,.indicaK.ra.t93. 




. ' \- baiiEries. 36-45- 




■ V .oils. in. 


Resistauce boxes, 169-170. Stt Rheostat, ' 


: .ECtanch« baltery. 40, 41, 


Resonaiot, Heitiian. 4S9-460' 






•jitlrical macliine compaicd lo, al ; 


Iiiimia. electromagnctio. 


. .:..>gy applied 10 inlernal rcsislancc'a, ; 


Rheostat, 169; field, 399; necessity for. in *- 


i-iliigyas applied to series circuil, ga; 


field of alternator and cxcilet, 369; start- , 




iEg, for motors, 3»4--3=7- 


Sow and flow of waler from, 341-0(3; 


Richmond, Va., early electric railway al, 307- 


Gnijlervacuun.,384; Sprengler vacuum. 


308. 


184; electric, 32a. 


Righl-hand rale for direction of Induced J 




curtctit. 143. 1 


9 


Ring armattire. 316-317. .^^B 


Quidrant eleclronieter, 194-195, 304. 


Rings, welding of, 448-449- ~^^H 


Quitking. in silver plating. 435. 


Rodding cable duel, 379. ^^M 




Roentgen. William Konrad, 464-^466, ^^H 


R 


Roentgen rays, 464-468. ^^M 


BbdlUlon cfheal from wire. 113. 


Rotary converters, 370-371. ^^^^M 


HidkiEniphs, 465. 466- 


Rowland, Henry Augustus, iia ^^^| 


S.nw.n, elecuic, tarly history of. 307-30S : 


Rubber, hard, a non-conducior of electriolqr^^^l 


nrtndple of, 30S-309 ■ f°' heavy seivite. 


5: specific inductive capacity of. aojfi^^l 


;rj-3i3. 


used fur insulators in electric lines, s^.^^H 


ol Inns forma Lion, 363-364. 


Sft India-rubber. ^^^H 


. imi of Whcatslone bridge, 173. 


RuhmkorfT coils, 150. ^^^| 


Jtr. Bell Ifk-phone. 333. 




;iirr. siphon, 350. 


8 ^ 


i.insof copper. 439-440; of other melals. 


Safe carrying capacity of wires, table of, 399, 


■ r^+y- 


Safcty fuses. 398. 


.i.icr, recording telegraph. 339-340' 


Sal ammoniac, solution of, used in electric , 


-..1-. telegraph, 336, 34a, 343; differenliai. 


battery cells. 37; in chloride of silver ^J 


jm; polarized, 345-346 ; neutral, 346. 


battery, 40. . ^H 


•itluctince. magnetic, 133-134; of magnetic 


Sails, of copper, 51-53; of sliver, 43I|:^^^H 


circuil of a dynamo, aai-33a. 


nickel, 436. ^H 


Sqiulsion. force of, between two charged 


Salty soludons, relative conductlnE po««_^^H 


bodio. la; magnetlo. 65-66: (orce of, be. 


^^M 


n.«n 1*0 bodies Is mutual, 77 ; mutual. 


Saturation of magnet, 69-70. ^^^^| 


of electric circuits, 154. 


Sawyer, a83. 283. ^H 


'^-siilual magnetism, laB. 333-333. 




''- :nciiis substances, altitude toward other 




ihsLanees when electrically charged, 5. 


Screens, electric, 15. ^^^^| 


.r..ncc. electrical, aa; unit 01,84; i"'"- 




,1.84; standard of. 85-86 1 of similar 


field around a current, ixi. j^^M 


-.v aci varies ns squares of their diameters. 


Screw rule lor direction of field about ■ OUC^^H 


86; definition of the specific, of a material. 




go; ofawire depends directly on length 


Secondary batteries. 46-47. ^^H 


and inversely on cross section. 90; of 


Secondary coils, 147. ^^H 




Sectors of Hollz machine, ao. ^^H 


circuits, 95; povi-er used in overeoining. 


Seeheck, Thomas Johann, 115. ^^ 


IC7-10S; of galvanometer shunts. 163- 


Self-induction, effect of. on flow of altemat- ' 




Ing currents. 353-355; caused by mag- , 
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^K netic field created by cucrenl, >55-^6. 


Sprengel vacuum pump. ^. ^^H 


^B Sei Inertia, eleclromagneric 


Spring jack, telephone. 359-360. ^H 




SiandBidcuidlc.414. ^^H 


■ circuit, combined with parallel circuil, 




97-98 ; condensets connected in, 006-307 1 


Shining bo., motor. 3a«-3i<7. 


■tElamp9iuiuall;conaectc<lin,^8; con- 






be made with damp malerialt. 5^ louli 


391. 


to stay on surface of conductor. ij-«. 


Seties-parellel conlrol, 317-319- 




Sewing machine, cleciric, 311, 313; 


Pearl Street. New York, jga-aw: ite 


Shell, magnelic, 68. 


vertical, 1^5-396; management i^JIJ- 




316 ; Depirord Central. Lontlon.jKt-J* 


inductive capacity of, aoj. 


Station lQ,\d5, 314-316. 


Siiocit. ekcliic, 114. 


Steel, coercive force of, 69; as mapciig; 


Sbon-drcuiilng, itii-i/i. 


welding of, by eleclrieal praces9,44H« 


Shun I box, 163. 


Storage ceil, lead ptale, 48. 




Storms, magnelic, 79. 


J79- 


Snirgeon. William. 139, 335. 


Shunts, defined, 100; galvanometer. i6»-i63. 


Sulphate of copper. 51, 5a. 


Siement. Sir William, Sii; chemical use of 


Sulphide of copper, 51. 


electric arc hy. 443. 


Sulphur, attitude ol. nlieu tlMlialt 


Siemens annature, aiS-919. 


charged, toward oti.er suhOuu* J;- 




specific inductive capacity ot aij. 


Silk, altitude ot, when electrically charged. 


Sulphuric tad. used iti bichrenile pHW 
battery. 38; in Daniell'i cell. 41; ' 
slorBge cells. 47; defined, 53; rflKUt 


toward other substances, 5; conducting 


Silver, value of. as eledTOcbemlcal equivalenl. 


when added 10 water. 57. 


56 ; ranlts with copper as best conductor 


Swimmioe rule lot direction of 6eW tbcsli 


known, 8>-Ej ; nitrate of, for voltameter. 


current, laa. 


165-166; electrochemical equivalent of. 


Switchboard, arc-lighting. 3S0-1I1: Im* 


16S; sallsor.43.. 


tial electric stations, 304-319: icllttoK 


Silver chloride battery. 40. 


359-361 


Silver plating, 43'-435. 


Symmer. s. 




Synebronistn deftaed, 267. 


Siie of wire in light and power systems, 


Synch ton iicr, 3117. 






Sleeve wire joint, 373-374. 


T 


Slide Yrite bridge, 176-177. 




Sludge, 440. 




■ Smee-s cell, 36. 


should not fell below locuW <*«* 


^k Smelling, electric, 44»-443. 


sea- 




Telautograph. Gray's. 349. 


^K Soda, bichromate of, used in chemical 


Telegraph, invi^nlion and devElopEanl <*■ 


^^L depolarimtion. 37. 


335-337: fie needle. 337; sabraBW- 


^H Solenoid, defined, 1=4-105; magnetiang 


349*35'- 


^^1 eflect of. on magnetic materials. IB7-I3E. 


Telegraphy, importance of capacity t*" 


^H Sounder, telegraph. 337, 341-34"- 


in, a6; gravity battery used In. 4'-*'' 


H^ Spark coils. >;3. 


muhiple. 34»-343: duplex. J13-3*S1 f 


1 Sparking of dynamo, 333-034. 


pl", 343. 345-347; quadruplex, J«-J1'' 


Specific inductive cipatiiy, 304-305. 


J" "M 


Spuidl&«h»nk djotuno. aga-j^j. 



w^^^^^^r^^ 
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l; wirdeai, 461^63. 


Truck, eleelrie railway. 31a 


reel of tapaciiy of wire on uie- 


Tube, Crookei, 463; X-ray. 464. 


»S-!i6; open circuit cells used 


Tubing, Edison. loi underground cables. 


mmtiei luelul lor. 46; hislory 


380-3B1. 


ipmCDt of, sja-sss ; mecliamstn 


Tunnels of Niagara FaUs Power Company, 


|B: MchangM. 358; swlich- 


3gg-3°o- 


S^3&.; same wire used for 


Turpentine, specific inducdTe capacity Of, 


ind. 363-3<4. 


"5- 


biM, insoialion of. aos- 


n 






roublM in. 4n>-4ii. 

eSecl of, on resistance of 
B7-M:<.(w.ra carrying current. 


wiring, 3h6^397, V»^l. 


Unit, magnet pole, 74; magnetic field, 77-78; 




V In Wlieaislone bridge, 175. 


irical pressure, j« Vott; of electrical 


Bo-eledricily. 


resistance, r« Ohm ; of work. j« Horso 


Itgiaph lines. 4tl-4"i of tele - 




te.4"". 


Units. definiUons of electrical, adopted al 


irety of eleclricnl properly allrib- 


Chicago congress, B6-87 ; electrical, Ubla 


>; niBgnel mentioned by. 63. 


of. ata 


■TT. 116-117. 


V 


fficity, i.s-17. 


Vacuum, magnetic force oeo IhrOI^h a, 67. 


|the. 116-117. 
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